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THE IMPACTS OF EPA’S PROPOSED CARBON
REGULATIONS ON ENERGY COSTS FOR
AMERICAN BUSINESSES, RURAL COMMU-
NITIES AND FAMILIES, AND A LEGISLATIVE
HEARING ON §S. 1324

TUESDAY, JUNE 23, 2015

U.S. SENATE,
COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS,
SUBCOMMITTEE ON CLEAN AIR AND NUCLEAR SAFETY,
Washington, DC.

The subcommittee met, pursuant to notice, at 2:05 p.m. in room
406, Dirksen Senate Building, Hon. Shelley M. Capito (chairman of
the subcommittee) presiding.

Present: Senators Capito, Carper, Barrasso, Crapo, Sessions,
Fischer, Merkley, Markey, and Inhofe.

OPENING STATEMENT OF HON. SHELLEY MOORE CAPITO,
U.S. SENATOR FROM THE STATE OF WEST VIRGINIA

Senator CAPITO. I am going to go ahead and begin.

I know Senator Carper is planning to be here. When he gets
here, we will make time for him to make his opening statement.
In the interest of the panelists and other Senator, I think it would
be best to go ahead and move on.

I want to welcome everyone to the hearing of the Clean Air and
Nuclear Safety Subcommittee. The hearing is entitled The Impacts
of EPA’s Proposed Carbon Regulations on Energy Costs for Amer-
ican Businesses, Rural Communities and Families, and a Legisla-
tive Hearing on my bill, S. 1324, better known as the ARENA Act,
Affordable Reliable Electricity Now Act.

I introduced ARENA in May and am proud to have more than
30 co-sponsors, including Leader McConnell, Chairman Inhofe, and
all my fellow Environment and Public Works Committee Repub-
licans. I introduced ARENA and am holding this hearing today be-
cause of the devastating impact that EPA’s proposed regulations
will have on the families and businesses in my home State of West
Virginia and across the Nation.

I am not exaggerating when I say almost every day back home
in West Virginia, there are new stories detailing closed plants, lost
jobs, and price increases. I have a letter here sent to me by
Ammar’s Inc., a family owned company that operates 19 Magic
Mart stores in West Virginia, Virginia and eastern Kentucky. The
letter is accompanied by a petition signed by 26,000 Magic Mart
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customers, calling on EPA to end its war on coal and catastrophic
impact on local economies.

Ammar’s Inc. has been active in the region for 95 years, and ac-
cording to this letter, the present economic crunch is the most dif-
ficult challenge the company has faced. Let me quote directly:
“There was a time when your greatest obstacle was your compet-
itor, but if you worked hard, took care of your customers and of-
fered quality merchandise at a fair price, you could compete suc-
cessfully. Unfortunately, that is now not the case. The largest im-
pediment we have to operating our business successfully is our own
government, particularly the EPA. The rulings issued by the EPA
have devastated our regional economy.”

Coal provided 96 percent of West Virginia’s electricity last year.
West Virginia had among the lowest electricity prices in the Na-
tion. The average price was 27 percent below the national average,
but that advantage will not survive this Administration’s policies.
Studies project our electricity prices will between 12 and 16 per-
cent.

Earlier this month, 450,000 West Virginians learned of a 16 per-
cent increase in the cost of electricity. While there were multiple
factors that contributed to this rate increase, compliance with pre-
vious EPA regulations played a significant part. If we allow EPA’s
plan to move forward, last week’s rate increase will only be the tip
of the iceberg.

Affordable energy matters. The 430,000 low and middle income
families in West Virginia, nearly 60 percent of our State’s house-
holds, take home an average of less than $1,900 a month and
spend 17 percent of their after-tax income on energy. These fami-
lies are especially vulnerable to the price increases that will result
from the Clean Power Plan.

This is not just about the impacts on coal producing States like
West Virginia. This is about the impacts across the United States.

It is important to note that all electricity has to come from some-
where. In many States, odds are that it is being imported from a
State that relies on coal, but no one talks about that.

We will learn from some of the testimony about the Regional
Greenhouse Gas Initiative, RGGI. One of the witnesses we will
hear from today, Mr. Martens, thank you for coming, is affiliated
with RGGI, a program of nine northeastern States that uses mar-
ket principles to reduce greenhouse gas emissions from the power
sector.

Mr. Martens may not mention that RGGI’s nine States consume
five times more energy than they produce. My little State of West
Virginia produces twice as much energy as all nine of the RGGI
States combined.

There are energy-producing States and there are energy-con-
suming States. Only 13 States produce more energy than they con-
sume. West Virginia ranks second and Wyoming ranks first. For 10
of the 13 States that export energy, coal is critical to maintaining
that net positive result.

Put simply, there is no way that this massive, largely EPA-driv-
en reduction in coal-fired electricity generation is going to impact
only coal States. It is going to impact the majority of States, the
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families and businesses within them. Often, the poorest and most
vulnerable populations will bear the brunt of this increase.

I look forward to hearing in greater detail from our witnesses
about the impact of these proposed regulations and the need for
clean air policies that do not overburden our States and cripple our
economy.

With that, we will begin testimony of our panelists. Our first
panelist is Mr. Eugene M. Trisko. Welcome and thank you for com-
ing.

[The prepared statement of Senator Capito follows:]

STATEMENT OF HON. SHELLEY MOORE CAPITO,
U.S. SENATOR FROM THE STATE OF WEST VIRGINIA

Welcome to this hearing of the Clean Air and Nuclear Safety Subcommittee enti-
tled “The Impacts of EPA’s proposed Carbon Regulations on Energy Costs for Amer-
ican Businesses, Rural Communities and Families, and a legislative hearing on S.
1324”. S. 1324 is better known as the Affordable Reliable Electricity Now Act, or
ARENA. I introduced ARENA in May and am proud to have more than 30 cospon-
1sors, including Leader McConnell, Chairman Inhofe, and all my fellow EPW Repub-
icans.

I introduced ARENA and am holding this hearing today because of the dev-
astating impact that EPA’s proposed regulations will have on the families and busi-
nesses in my home State and across the Nation. I am not exaggerating when I say
almost every day back home in West Virginia, there are new stories detailing plants
closed, jobs lost, and price increases.

I have a letter here sent to me yesterday from Ammar’s Inc., a family owned com-
pany that operates 19 Magic Mart stores in West Virginia, Virginia and Kentucky.
The letter is accompanied by a petition signed by 26,000 Magic Mart customers,
calling on EPA to end its war on coal and catastrophic impact on local economies.

Ammar’s Inc. has been active in the region for 95 years, and according to this let-
ter, the present economic crunch is the most difficult challenge the company has
faced. Let me quote directly:

“There was a time when your greatest obstacle was your competitor, but if you
worked hard, took care of your customers and offered quality merchandise at a fair
price, you could compete successfully. Unfortunately, that is now not the case. The
largest impediment we have to operating our business successfully is our own gov-
ernment, particularly the EPA. The rulings issued by the EPA have devastated our
regional economy.”

Coal provided 96 percent of West Virginia’s electricity last year. West Virginia has
among the lowest electricity prices in the Nation: last year, the average price was
27 percent below the national average. But that advantage will not survive this Ad-
ministration’s policies. Studies have projected the Clean Power Plan will raise elec-
tricity prices in West Virginia by between 12 and 16 percent.

Earlier this month, 450,000 West Virginians learned of a 16 percent increase in
the cost of electricity. While there were multiple factors that contributed to this rate
increase, compliance with previous EPA regulations played a significant part. If we
allow EPA’s plan to move forward, last week’s rate increase will only be the tip of
the iceberg.

Affordable energy matters. The 430,000 low and middle income families in West
Virginia—nearly 60 percent of our State’s households—take home an average of less
than $1900 a month and spend 17 percent of their after tax income on energy.
These families are especially vulnerable to the price increases that will result from
the Clean Power Plan.

But this isn’t just about the impacts on coal producing States like West Virginia.
This is about the impacts across the United States.

It is important to note that all electricity has to come from somewhere. In many
States, odds are that it is being imported from a State that relies on coal. But no
one is talking about that.

Turning to the Regional Greenhouse Gas Initiative (RGGI) States. One of the wit-
nesses we will hear from today, Mr. Martens, is affiliated with RGGI, a program
of nine northeastern States that uses market principles to reduce greenhouse gas
emissions from the power sector. Mr. Martens probably won’t mention that RGGI’s
nine States consume five times more energy than they produce. Or that my little
State of West Virginia produces twice as much energy as all nine of the RGGI
States combined.
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There are energy producing States, and there are energy consuming States. Only
13 States produce more energy than they consume. West Virginia ranks second, be-
hind only Wyoming. And for 10 of the 13 States that export energy, coal is critical
to maintaining that net positive result.

Put simply, there is no way that this massive, largely EPA-driven reduction in
coal fired electricity generation is going to impact only coal States. It’s going to im-
pact the majority of States, and the families and businesses within them. Often, the
poorest and most vulnerable populations will bear the brunt of this increase.

I look forward to hearing in greater detail from our witnesses about the impact
of these proposed regulations and the need for clean air policies that don’t over bur-
den our States and cripple our economy.

STATEMENT OF HON. EUGENE M. TRISKO, ATTORNEY AT LAW,
ON BEHALF OF THE UNITED MINE WORKERS OF AMERICA

Mr. TriskO. Thank you very much, Chairman Capito, Chairman
Inhofe and distinguished members.

I am Eugene Trisko, an energy economist and attorney in private
practice. I am here today to summarize the findings of a study of
the impacts of energy costs on American families.

I have conducted household energy cost studies periodically since
2000 for the American Coalition for Clean Coal Electricity and its
predecessor organizations. The study I will summarize today, En-
ergy Cost Impacts on American Families, estimates consumer en-
ergy costs for households in 2016.

The principal findings of this study are as follows. One, some 48

ercent of American families have pre-tax annual incomes of
§50,000 or less, with an average after-tax income among these
households of $22,732 or a take-home income of less than $1,900
per month.

Second, 48 percent of households earning less than $50,000 de-
vote an estimated average of 17 percent of their after tax incomes
to residential and transportation energy. Energy costs for the 29
percent of households earning less than $30,000 before taxes rep-
resent 23 percent of their after-tax family incomes, before account-
ing for any energy assistance programs. This 23 percent of income
is more than three times higher than the 7 percent of gross income
paid for energy by households earning more than $50,000 per year.

Third, American consumers have benefited recently from lower
gasoline prices, but higher oil prices are now reducing consumer
savings at the gas pump. Meanwhile, residential electricity prices
are continuing to rise. Residential electricity represents 69 percent
of total household utility bills.

A 2011 survey of low-income households for the National Energy
Assistance Directors Association reveals some of the adverse health
and welfare impacts of high energy costs. Low-income households
reported these responses to high energy bills.

Twenty-four percent went without food for at least 1 day. Thirty-
seven percent went without medical or dental care. Thirty-four per-
cent did not fill a prescription or took less than the full dose. Nine-
teen percent had someone become sick because their home was too
cold. The relatively low median incomes of minority and senior
households detailed in the study attached to my statement indicate
that these groups are among those most vulnerable to energy price
increases.

Recent and prospective increases in residential energy costs
should be assessed in the context of the long-term declining trend
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of real income among American families. The U.S. Census Bureau
reports that the real pre-tax incomes of American households have
declined across all five income quintiles since 2001, measured in
constant 2013 prices. The largest percentage losses of income are
in the two lowest income quintiles. In 2014, the average price of
residential electricity in the U.S. was 32 percent above its level in
2005, compared with the 22 percent increase in the Consumer
Price Index.

DOE projects continued escalation of residential electricity prices
due to the cost of compliance with environmental regulations and
other factors. Moreover, DOE, EPA, NERA and others project that
electricity prices will increase even more because of EPA’s proposed
Clean Power Plan.

Lower income families are more vulnerable to energy cost in-
creases than higher income families because energy represents a
larger portion of their household budgets. Energy costs reduce the
amount of income that can be spent on food, housing, health care
and other basic necessities.

Fixed income seniors are among the most vulnerable to energy
cost increases due to their relatively low average incomes and high
per capital energy use. Senior citizens and other low income groups
will bear the burden of higher energy costs imposed by EPA’s
Clean Power Plan but will be among the least likely to invest in
or to benefit from the energy efficiency programs the proposed rule
envisions.

Thank you for the opportunity.

[The prepared statement of Mr. Trisko follows:]
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Statement of Eugene M. Trisko
Before the Committee on Environment & Public Works
Subcommittee on Clean Air and Nuclear Safety
U.S. Senate
June 23, 2015

Good afternoon, Chair Capito, Ranking Member Carper, and distinguished members of
the Subcommittee. I am Eugene Trisko, an energy economist and attorney in private

practice. A brief bio is attached to my statement.

I am here today to summarize the findings of a study of the impacts of energy costs on
American families. I have conducted household energy cost studies periodically since
2000 for the American Coalition for Clean Coal Electricity and its predecessor
organizations. The study I will summarize today, Energy Cost Impacts on American
Families, estimates consumer energy costs for households in 2016. It is based on U.S.
Census Bureau household income data, Congressional Budget Office data on federal
income taxes and social security payments, and U.S. DOE/EIA energy price projections
and energy consumption data for residential utilities and gasoline. A copy of the study is

attached to my statement.
The principal findings of this study are:

1) Some 48% of American families have pre-tax annual incomes of $50,000
or less, with an average after-tax income among these households of
$22,732, Iess than $1,900 per month. In other words, nearly half of U.S.
families - some 59 million households - have average take-home incomes of

less than $1,900 per month.
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2) Energy costs are consuming the after-tax household incomes of
America’s lower- and middle-income families at levels comparable to other
necessities such as housing, food, and health care. The 48% of households
earning less than $50,000 devote an estimated average of 17% of their after-
tax incomes to residential and transportation energy. Energy costs for the
29% of households earning less than $30,000 before taxes represent 23% of
their after-tax family incomes, before accounting for any energy assistance

programs.

3) American consumers have benefitted recently from lower gasoline prices,
but higher oil prices are now reducing consumer savings at the gas pump.
Meanwhile, residential electricity prices are rising due to the costs of
compliance with U.S. EPA and other regulations, and other factors such as
fuel and capital costs. Residential electricity represents 69% of total

household utility bills.

4) A 2011 survey of low-income households for the National Energy
Assistance Directors Association reveals some of the adverse health and
welfare impacts of high energy costs. Low-income houscholds reported

these responses to high energy bills:

- 24% went without food for at least one day.
- 37% went without medical or dental care.
% did not fill a prescription or took less than the full dose.

349
- 19% had somcone become sick because their home was too cold.

[ee]
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5) The relatively low median incomes of minority and senior households
indicate that these groups are among those most vulnerable to energy price
increases. The median pre-tax income of Black households, representing
13% of U.S. households, is 33% below the U.S. median income of $51,939.
The median income of Hispanic households, 13% of all households, is 21%
below the national median income. American households aged 65 or more,

23% of all households, have a median income 31% below the U.S. median.

Recent and prospective increases in residential energy costs should be assessed in the
context of the long-term declining trend of real income among American families. The
U.S. Census Bureau reports that the real pre-tax incomes of American houscholds have
declined across all five income quintiles since 2001, measured in constant 2013 prices.
As shown in the table below, the largest percentage losses of income are in the two
lowest income quintiles. Households in the lowest quintile lost 13% of their real income

between 2001 and 2013.

Real 1.8S. pre-tax houschold incomes by income quintile,
2001-2013
(In constant 2013 §)

1Q 20 30 40 50

2001 | $13,336 1 $33,510 | $56,000 | $87,944 | $192,063
2013 | 811,651 | $30,509 | $52,322 | $83,519 | $185,206
% Chg -13% 9% 1% 5% 4%
$Chg | ($1,685) | (33,001) | ($3,768) | (34,425) | (36,857

In 2014, the average price of residential electricity in the U.S. was 32% above its level in
2005, compared with a 22% increase in the Consumer Price Index during this period.
DOE/EIA projects continued escalation of residential electricity prices due to the costs of

compliance with environmental regulations and other factors, including fuel, capital, and
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operating and maintenance costs. Moreover, EIA, EPA, National Economic Research
Associates, and others project that electricity prices will increase even more because of

EPA’s proposed Clean Power Plan.

U.S. average residential electric prices, 2005-2016
(Cents per kWh})

$13.0

120 | -
$1LS /

$11.0 /M’

$10.5 /

$10.0

$9.5 ,/

$9.0 T 7 g T T g
2005 2007 2009 2011 2013 2015

Source: U.S. DOE/EIA.

The share of household income spent for energy falls disproportionately on lower- and
middle-income families earning less than $50,000 before taxes. While many lower-
income consumers qualify for energy assistance, Congress has pared back budgetary
support for these programs in recent years. The $3.0 billion that Congress has
appropriated for the LIHEAP energy assistance program comparcs with estimated total
residential energy expenditures of some $62 billion for the 36 million households with

gross pre-tax incomes less than $30,000.

Lower-income families are more vulnerable to encrgy costs than higher-income families

because energy represents a larger portion of their household budgets. Energy costs
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reduce the amount of income that can be spent on food, housing, health care, and other

basic necessities.

Fixed-income seniors are a growing proportion of the U.S. population, and are among the
most vulnerable to energy cost increases due to their relatively low average incomes and
high per capita energy use. In 2013, the median pre-tax income of 29 million households
with a principal householder aged 65 or older was $35,611, 31% below the national
median household income of $51,939. Senior citizens and other lower-income groups
will bear the burden of higher energy costs imposed by EPA’s Clean Power Plan, but will
be among the least likely to invest in — or benefit from - the energy efficiency programs

that the proposed rule envisions.

Thank you for the opportunity to appear before you today. I am happy to answer any

questions that the Subcommittee may have.

[
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AMERICAN COALITION FOR-CLEAN COML KLECTRICHTY

Energy Cost Impacts on
American Families

Rising electricity prices and declining family incomes are straining the budgets
of America’s lower- and middie-income families. U.S. households with pre-tax
annual incomes below $50,000, representing 48% of the nation’s households,
spend an estimated average of 17% of their after-tax income on residential and
transportation energy. Energy costs for the 29% of households earning less
than $30,000 before taxes represent 23% of their after-tax family incomes,
before accounting for any energy assistance programs. Minorities and senior
citizens are among the most vulnerable to energy price increases due to their
relatively low household incomes.

Estimated U.S. household energy costs as
percentage of after-tax income
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June 2015
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Energy Cost Impacts on
American Families

This paper assesses the impact of energy costs on U.S. households using energy
consumption survey data and energy price data and projections from the U.S. Department of
Energy’s Energy Information Administration (DOE/EIA).! Energy costs are summarized by
household income group using data from the Bureau of the Census, tax data from the
Congressional Budget Office, and state income tax rates.” Due to recent volatility in energy
markets, energy expenditure estimates are based on DOE/EIA energy price projections for
201s6.

Key ﬁndingé include:

Some 48% of American families have pre-tax annual incomes of $50,000 or less, with an
average after-tax income among these households of $22,732, less than $1,900 per month. In
other words, nearly half of U.S. families - some 59 million households - have average take-
home income of less than $1,900 per month.

Energy costs are consuming the after-tax household incomes of America’s lower- and middle-
income families at levels comparable to other necessities such as housing, food, and health
care. The 48% of households earning less than $50,000 devote an estimated average of 17%
of their after-tax incomes to residential and transportation energy.

American consumers have benefitted in recent months from lower gasoline prices, but rising
oil prices are now reducing consumer savings at the gas pump. Meanwhile, residential
electricity prices are rising due to the costs of compliance with U.S. EPA and other regulations,
and other factors such as fuel and capital costs. Residential electricity represents 69% of total
household utility bills.

A 2011 survey of low-income households for the National Energy Assistance Directors
Association reveals some of the adverse health and welfare impacts of high energy costs. Low-
income households reported these responses to high energy bills:

- 24% went without food for at least ane day.

- 37% went without medical or dental care.

- 349% did not fill a prescription or took less than the full dose,

- 19% had someone become sick because their home was too cold.

The refatively low median incomes of minority and senior households indicate that these
groups are among those most vulnerable to energy price increases. Median income is the
midpaint, where one-haif of households have incomes above this amount, and one-half have
incomes below it. The median pre-tax income of Black households, representing 13% of U.S.
households, is 33% below the U.S. median income of $51,939. The median income of Hispanic
households, 13% of all households, is 21% below the national median income. American
househalds aged 65 or more, 23% of all hcuseholds, have a median income 31% below the
U.S. median.

[
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U.S. Household Incomes

U.S. Census Bureau data on household incomes in 2013 (the most recent
available) provide the basis for estimating the effects of energy prices on consumer
budgets. The table below shows estimated 2013 after-tax incomes for U.S. families in
different income brackets. The Congressional Budget Office has calculated effective
total federal tax rates, including individual income taxes and payments for Social
Security and other social welfare programs. State income taxes are estimated from
current state income tax rates. ‘

U.S. households by pre-tax and after-tax income, 2013

Pre-tax annual income: <$30K $30- <$50K >$50K | Totalfavg.
<$50K :
Households (Mil.) 35.8 23.1 59.0 64.0 123.0
Pct. of total households 29% 19% 48% 52% 100.0%
Avg. pre-tax income $15,931 $39,158 $25,043 |  $116,503 $72,641
Effec. fed tax rate % 4.2% 11.0% 6.9% 19.7% 19.4%
Est. state tax % 0.5% 3.5% 2.4% 6.3% 4.4%
Est. after-tax income $15,003 $33,480 $22,732 $86,212 $55,344

Some 48% of U.S. families, 59 million households, had estimated pre-tax
incomes below $50,000 in 2013, After federal and state taxes, these families had
average annual incomes of $22,732, equivalent to an average monthly take-home
income of less than $1,900.

The U.S. Census Bureau reports that the real pre-tax incomes of American
families have declined across all five income quintiles since 2001, measured in constant
2013 dollars.? The loss of real pre-tax incomes is due to a number of factors, including
the lack of real wage growth among most American workers,” the loss of high-wage
jobs in manufacturing and other industry sectors,” and the increased share of relatively
low-paying jobs in service sectors such as retail trade and food services.®

As shown in the table below, the largest losses of income are in the two lowest
income quintiles. Households in the lowest quintile lost 13% of their real income
between 2001 and 2013, Declining real incomes increase the vuinerability of lower- and
middle-income households to energy price increases such as rising utility bills.

Average real U.S. household incomes by income quintile, 2001-2013
(In 2013 $)

1Q | 29 3Q 4Q 50
2001 | $13,336 | $33,510 | $56,000 | $87,944 | $192,063
2013 | 511,651 @ $30,509 | $52,322 | $83,519 | $185,206
PctChg | -13% 9% 7% 5% -a%
$Chg | ($1,685) | ($3,001) | ($3,768) | (4,425 | ($6,857)

(o83
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Residential and Transportation Energy Expenses

U.S. households are projected to spend an estimated average of $2,256 for
residential energy in 2016,” As shown in Chart 1 below, electricity is the dominant
residential energy source, accounting for 69% of total U.S. residential energy
expenditures for home heating, cooling, and appliances. In addition to natural gas,
some U.S. homes also use heating oil, propane, and other heating sources such as
wood.

Chart 1

Estimated 2016 U.S. residential energy
expenditures by pre-tax household income

$3,000

$2,500 4

$2,000

@ Other

$1,500 N -
is Electricity

$1,000

$500
$0

<$30K <5$50K >/=$50K  Average

Pre-tax household income

Sources: U.S. DOE/EIA; U.S. Bureau of the Census.

In 2014, the average price of residential electricity in the U.S. was 32% above its
level in 2005 (see Chart 2), compared with a 22% increase in the Consumer Price Index
during this period. DOE/EIA projects continued escalation of residential electricity prices
due to the costs of compliance with environmental regulaticns and other factors,
including fuel, capital, and operating and maintenance costs. Moreover, EIA,® National
Economic Research Associates,” and others'® project that electricity prices will increase
even more because of EPA’s proposed Clean Power Plan.
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Chart 2

U.S. average residential electric prices, 2005-2016
(Cents per kWh)
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Energy Expense Estimates

Estimated household energy expenses for the U.S. are based upon DOE/EIA
residential energy price projections for 2016.** Total household energy costs are
distributed by income category using DOE/EIA residential energy survey data.

Following sharp price declines since late 2014, gasoline prices have begun to
increase in response to higher oil prices. EIA's May 2015 Short-Term Energy Outlook
projects national average gasoline prices of $2.52/gallon in 2015, rising to $2.71/gallon
in 2016. This 2016 projection is based upon EIA's estimate of an average $66/barrel
price for West Texas Intermediate crude oil in 2016, with an average imported crude oil
price of $62/barrel. These projections may be conservative in view of the ongoing
reduction of domestic drilling investments caused by lower oil prices. Baker Hughes
reportls7 that domestic oil and gas drill rig counts have declined by 52% since May
2014.%

DOE/EIA's 2001 Survey of Household Vehicles Energy Use (2005) provides data
on regicnal gasoline use by household income category. These regional gascline
consumption data are updated using EIA’s 2016 national average retail gasoline price
projection of $2.71 per gallon. Household gasoline cansumption is reduced by 15%
from 2001 levels, reflecting trends in per capita retail gasoline sales.

w
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The table below summarizes estimated U.S. household energy expenses in 2016
by income group, with the percentage of after-tax income represented by energy costs:

Estimated U.S. household energy costs by pre-tax income category

Pre-Tax Annual Income: <$30K $30- <$50K >$50K | - Average
<$50K
Residential energy $ $1,712 $1,990 $1,834 $2,644 $2,256
Electric $ $1,187 $1,406 $1,282 $1,818 $1,561
Other* § $526 $584 $553 $826 $695
Gasoline $ $1,729 $2,569 $2,059 $3,447 $2,781
Total energy $ $3,441 $4,559 $3,893 $6,091 $5,037
Energy % of after-tax income 23% 14% 17% 7% 9%

*QOther includes natural gas, heating oil, LPG, and wood.

The share of household income spent for energy falls disproportionately on
lower- and middle-income families earning less than $50,000 per year before taxes. The
59 million U.S. households earning less than $50,000 before taxes spend an estimated
17% of their after-tax income on energy.

While many lower-income consumers qualify for energy assistance, budgetary
support for these government programs has been pared back in recent years.!* Most of
the $3.0 billion of funds available to states under the federal LIHEAP program are
concentrated on refief for low-income home heating customers in the Northeast. In
comparison to the $3.0 billion available under LIHEAP, total residential energy costs for
the 36 million households with pre-tax incomes less than $30,000 are estimated at $62
billion in 2016, including $43 billion in electricity costs.

The average U.S. family will spend an estimated $5,037 on residential and
transportation energy in 2016, or 9% of the after-tax family budget. The 36 million U.S.
households earning less than $30,000 before taxes, representing 29% of households,
will allocate, on average, an estimated 23% of their after-tax incomes to energy.

These findings are consistent with the most recent consumer expenditure survey
by the Bureau of Labor Statistics.”> BLS reports that total expenditures for residential
utifities and gasoline are 9% of the average American after-tax housenold budget, BLS's
survey also indicates that energy costs for residential utilities and gasoline rank among
those for other basic necessities such as rent, education, clothing, and health care:
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BLS 2013 annual consumer expenditure survey
findings for selected expenditure categories,
all U.S. households

Expenditure Annual $2013 | Pct. of Average After-Tax
Household Income
Food $6,602 12%
Rent $3,324 6%
Health care $3,631 6%
Mortgage interest $3,078 5%
Gasoline $2,611 5%
Residential utilities & fuels* $1,957 4%
Clothing $1,604 3%
Education $1,138 2%

*Excluding water, telephone, and cell phone service.

The large share of after-tax income devoted to energy by lower-income
households poses difficult budget choices among food, heaith care and other basic
necessities. A 2011 survey of low-income households for the National Energy Assistance
Directors Association (NEADA) reveals many of the adverse health and welfare
implications of high energy costs. Ninety-two percent of the NEADA survey participants
reported pre-tax household incomes of $30,000 or less. Principal findings of the survey
include:

Households reported that they took several actions to make ends meet:
¢ 39% ciosed off part of their home.

» 23% kept their home at a temperature that was unsafe or unhealthy.
* 21% left their home for part of the day.

» 33% used their kitchen stove or oven to provide heat.

Many survey respondents had problems paying for housing in the past five years,
due at least partly to their energy bills:

» 31% did not make their full mortgage or rent payment.

= 6% were evicted from their home or apartment.

* 4% had a foreclosure on their mortgage.

e 14% moved in with friends or family.

» 4% moved into a shelter or were homeless.

» 13% got a payday loan in the past five years.

Many of the respondents faced significant medical and health problems in the
past five years, partly as a resuit of high energy cosis:

» 24% went without focd for at least one day.

» 37% went without medical or cental care.

s 34% did not fill a prescription or tock less than the full dose.

» 19% had someone become sick because their home was too cold.™

|



18

Disproportionate Impacts on Minorities and Senior Citizens

The impacts of high energy costs are falling disproportionately on minorities and
senior citizens. Black and Hispanic households together represent 26% of U.S.
households. Elderly households represent 23% of American households. Unlike young
working families with the potential to increase incomes by taking on part-time work or
increasing overtime, many fixed income seniors are limited to cost-of-living increases
that may not keep pace with energy prices.

The table below summarizes 2013 median pre-tax incomes for elderly and
minority households, and compares these with the U.S. median household income of
$51,939. .

U.S. median pre-tax household incomes, 2013

Median Pct. Diff. Vs. Pct. of
Household U.S. Households
Income Median
u.s. $51,939 100%
Black $34,598 -33% 13%
Hispanic $40,963 -21% 13%
Age 65+ $35,611 -31% 23%

Source: U.S. Bureau of the Census, Current Population Reports Supplement (2014).

These relatively low median incomes - ranging from 21% to 33% below the ;
national median - indicate that minority and senior households are among those most
vuinerable to energy price increases such as rising household utility bills.

Conclusion

High consumer energy prices - together with negative real income growth among
lower- and middle-income households - underscore the need to maintain affordable
energy prices, especially for lower- and middle-income U.S. families. Maintaining the
relative affordability of electricity and other energy sources is essential to the wellbeing
of America's lower- and middle-income families.

Acknowledgment: This paper was prepared for ACCCE by Eugene M. Trisko, an energy
economist and attorney in private practice. Mr. Trisko has served as an attorney in the
Bureau of Consumer Protection at the Federal Trade Commission and as an expert
economic witness before state public utility commissions. He represents labor and
industry clients in environmental and energy matters. Mr. Trisko can be contacted at
aemtrisko@earthlink.net.
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End Notes

! Data on residential energy consumption patterns by income category are derived from U.S.
Department of Energy, Energy Information Administration, 2009 Survey of Residential Energy
Consumption (2012). 2016 gasoline price projections are from DOE/EIA Short Term Energy
Outlook (May 2015).

2 Household incomes by income category are calculated from the distribution of household
income in U.S. Census Bureau, Current Population Reports, Supplement (2014). Federal income
tax rates are from Congressional Budget Office, “The Distribution of Household Income and
Federal Taxes, 2010 with Estimates for 2013," (December 2013). Effective federal tax rates for
the income categories employed in this report were interpolated from CBO’s 2013 tax rates by
income quintile. State tax data are estimated from state tax rates compiled by the Tax
Foundation (2014),

3 See, https://www.census.gov/hhes/www/income/data/historical/household/.

* Seg, H. Shierholz and L. Mishel, A Decade of Flat Wages - The Key Barrier to Shared
Prosperity and a Rising Middle Class (Economic Policy Institute, August 21, 2013), available at:
http://www.epi.org/publication/a-decade-of-flat-wages-the-key-barrier-to-shared-prosperity-
and-a-rising-middle-class/.

5 The U.S. lost 5.7 million manufacturing jobs in the decade of the 2000s, the largest decline of
manufacturing jobs since the 1980s, while total manufacturing output declined by 11%. The
sectors with large output losses included motor vehicles (-45%), textiles (47%) and apparel
(-40%). Increased foreign competition is cited as one factor underlying these trends. See, e.g.,
http://www.industryweek.com/global-economy/why-2000s-were-lost-decade-american-
manufacturing.

% The share of U.S. employment in service sectors increased from 76% in 1990 to 84% in 2010,
while the share of employment in goods-producing sectors declined from 20% to 13%. Seg, C.

Haksaver and B. Render, The Important Role Services Play in an Economy (2013), excerpted at
http://www.ftpress.com/articles/article.aspx?p=2095734&segNum=3.

7 Residential energy expenditur:es are estimated from DOE/EIA 2009 Residential Energy
Consumption Survey (2012) updated for 2013 househofd demographics and DOE/EIA's 2016
projections of residential energy costs for electricity, natural gas, LPG, and home heating oil in
EIA’s Short-Term Energy Outlock (May 2015).

8 DOE/EIA, Analysis of the Impacts of the Clean Power Plan (May 2015).

% National Economic Research Associates, Potential Energy Impacts of the Proposed Clean
Power Plan (prepared for ACCCE, October 2014).

® See, e.g., Energy Ventures Analysis, Inc., EPA Clean Power Plan: Costs and Impacts on U.S.
Energy Markets (prepared for National Mining Association, October 2014).

.S, DOE/EIA, Short-Term Energy Outlook (May 2015).
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12 Drilling rig data as of May 8, 2014 and May 8, 2015. See, http://phx.corporate-
ir.net/phoenix.zhtmi?c=796878p=ircl-rigcountsoverview

3 DOE/EIA and Census Bureau data indicate that per capita retail gasoline consumption
declined by 15% from 2001 to 2014. See, D. Short, Gasoline Sales and Our Changing Cuiture
(April 22, 2015), available at http://www.advisorperspectives.com/dshort/updates/Gasoline-
Sales.php

¥4 Federal funding for the Low Income Home Energy Assistance Program (LIHEAP) has declined
from $4.5 billion in FY2011 to $3.0 billion in FY2015. See,
http://www.liheapch.acf.hhs.gov/Funding/funding.htm.

1S Bureau of Labor Statistics, 2013 Consumer Expenditure Survey, Table 1202, Annual
expenditure means, shares, standard errors and coefficient of variation (2014).

8 NEADA, National Energy Assistance Survey Report (November 2011) at ii.
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Eugene M. Trisko
Attorney at Law
P.O. Box 596
Berkeley Springs, WV 25411
(304) 258-1977
(301) 639-5238 (Cell)
emtrisko(@earthlink.net

Honorable James M. Inhofe, Chairman July 31,2015
Honorable Barbara Boxer, Ranking Member

Committee on Environment & Public Works

United States Senate

Washington, D.C. 20510-6175

Re:  Response to Question from Chair Capito re
June 23, 2015 Hearing before the Subcommittee
on Clean Air and Nuclear Safety

Dear Chairman Inhofe and Ranking Member Boxer:

Thank you for transmitting the question posed by Chair Capito following the
Subcommittee's June 23rd hearing entitled, “The Impacts of EPA’s Proposed Carbon
Regulations on Energy Costs for American Businesses, Rural Communities and Families,
and a Legislative Hearing on S. 1324.”

The question asked by Chair Capito is:

Proponents of the New Source standard often make the statement that new coal
plants are not being built, because of competition from low cost natural gas. But
doesn’t the NSPS proposal ensure that coal plants won’t be built even if the market
changes? Does the ARENA help to keep coal as an option for the future?

Response

Several factors are responsible for the low level of current and projected new coal
generation plant construction. These include relatively low natural gas prices and
regulatory uncertainties and barriers created by U.S. EPA's proposed carbon dioxide
emission limits for new and existing coal-based facilities.

The proposed NSPS for CO2 emissions tilts the economic playing field against coal by
requiring partial carbon capture and storage (CCS) for new coal generation plants, but not
for natural gas facilities. This requirement significantly increases generation costs for any
new coal plant. EPA's stringent NSPS for mercury and other hazardous air pollutants also
increase the costs of generation from new coal-based facilities.
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As illustrated in the chart below, EPA's Regulatory Impact Analysis for the proposed
GHG NSPS rule estimated that CCS would increase the cost of electricity from a
new supercritical unit by approximately 36% to 81%, depending on whether the unit
uses partial or full CCS.! Costs for plants that have access to enhanced oil recovery
markets for CO2 sales were estimated to be 17% to 42% higher than EPA's base
case. Given the relatively lower cost of generation that EPA projects for natural gas
combined-cycle units, these additional cost penalties for new coal-based units would
pose virtually insurmountable barriers for obtaining state regulatory approvals in
states with traditional utility regulation.

EPA Estimates of the Levelized Cost of Electricity from
Uncontrolled Coal and Coal with Partial or Full CCS

160
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W Uncontrotted {w/fo CUA}

120

100 S W PartislCCs

| Partial CCS -« Low EOR

¢ Partial CCS - High EOR

LCOE (20115 /MWh)
2

: BFulices
40 -
W Fl CCS - Low EOR

20 -
& Full CCS - High EOR

SCPC 16CC

Source: EPA, Regulatory Impact Analysis, Fig. 5-7 (2013). Where indicated, data include a
“climate uncertainty adder” (CUA) that increases the weighted average cost of capital by 3%. The
“low” EOR estimates in the above chart assume CO?2 sales at $20/ton, and the “high” EOR
estimates assume CQO2 sales at $40/ton.

Previous EPA NSPS rules requiring the application of relatively new or unproven
emission control technologies, such as flue gas desulfurization (FGD) for SO2
control, were promuligated only after FGD technologies had been extensively tested
and successfully applied at commercial-scale electric generating units. For example,

"EPA, Regulatory Impact Analysis for the Proposed Standards of Performance for
Greenhouse Gas Emissions for New Stationary Sources: Electric Utility Generating Units

(2013) at Fig. 5-7.
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the initial 1971 NSPS required coal-based units to meet an emission rate limit of 1.2
Ibs. SO2/MMBTU, which could be achieved by FGD or by low-sulfur coals without
add-on controls.? After the 1971 NSPS rule was promulgated, many utilities chose to
adopt FGD technology despite its optional status.’> The experience gained through
these deployments provided the basis for EPA's 1979 revision of the SO2 NSPS to
require the use of FGD technology.*

S. 1324, The Affordable and Reliable Electricity Now Act (ARENA), would help to level
the playing field between new coal- and natural gas-based generation sources by
providing a rational, fact-driven set of procedures for EPA’s determination of applicable
emission limits for new sources. EPA’s current proposed GHG NSPS relies on data from a
handful of CCS-based projects, mainly in the industrial sector, several receiving federal
support from U.S. DOE, and none representing a commercial-scale operating electric
utility generation facility.

ARENA would require that future NSPS be established based on actual operating
experience at several plants. Specifically, Section 3(b) requires:

(b) REQUIREMENTS.—In issuing any rule pursuant to section 111 of the
Clean Air Act (42 U.S.C. 7411) establishing standards of performance for
emissions of any greenhouse gas from new sources, modified sources, or
reconstructed sources that are fossil fuel-fired electric utility generating
units, the Administrator, for purposes of establishing those standards—
(1) shall separate sources fueled with coal and natural gas into separate
categories; and

(2) shall not establish a standard based on the best system of emission
reduction for new sources within a fossil-fuel category unless—

(A) the standard has been achieved, on average, for at least | continuous
12-month period (excluding planned outages) by each of at least 6 units
within that category—

(i) each of which is located at a different electric generating station in the
United States;

(ii) that, collectively, are representative of the operating characteristics of
electric generation at different locations in the United States; and

(iii) each of which is operated for the entire 12-month period on a full
commercial basis; and

(B) no results obtained from any demonstration project are used in setting
the standard.

236 FR 24876 (December 23, 1971).

3 See, National Research Council, Committee on Evaluation of Sulfur Oxides Control
Technology, Fiue Gas Desulfurization (1980) at Table 4.3.

4 44 FR 33580 (June 11, 1979).
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Requiring the use of empirical data from operating commercial-scale power plants would
improve the evidentiary basis for any future NSPS, while avoiding reliance on
speculative estimates of the performance capabilities of technologies that have not yet
been deployed at commercial scale. In sum, ARENA would provide new coal-based
electric generating units with a more level playing field relative to natural gas units
independent of the future prices of these competing fuels.

Thank you for the opportunity to respond to Chair Capito’s followup question.
Sincerely,

Eugene M. Trisko
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Senator CAPITO. Thank you very much.
Our next witness is Paul Cicio, President of the Industrial En-
ergy Consumers of America. Welcome.

STATEMENT OF PAUL CICIO, PRESIDENT, INDUSTRIAL
ENERGY CONSUMERS OF AMERICA

Mr. Cicio. Thank you, Chairman Capito, Ranking Member Car-
per and members of the subcommittee. Thank you for this oppor-
tunity.

The Industrial Energy Consumers of America is a trade associa-
tion whose members are exclusively large companies who are en-
ergy intensive trade exposed. These industries, often referred to as
EITE industries, consume 73 percent of the manufacturing sector’s
use of electricity and 75 percent of the natural gas. As a result,
small changes in energy prices can have relatively large impacts to
our global competitiveness.

As a manufacturing sector, we use 40 quads of energy and this
has basically not changed in 40 years. Meanwhile, manufacturing
output has increased 761 percent. This is a true success story.

The industrial sector is the only sector of the economy whose
greenhouse gas emissions are 22 percent below 1973 levels. These
industries are very energy efficient. IECA supports action to reduce
greenhouse gas emissions so long as it does not impact our com-
petitiveness. We must have a level playing field with our global
competitors.

Several countries we compete with control electric and natural
gas prices to their industrials. Two of them are China and Ger-
many. They provide subsidies and practices to give them competi-
tive advantages.

If we were military, one would say we are engaged in hand to
hand combat in competitiveness. All costs of unilateral action by
the United States through the Clean Power Plan will be passed on
to us, the consumer.

As proposed, the Clean Power Plan will dramatically increase the
costs of power and natural gas, accomplish little to reduce the
threat of global climate change and provide offshore competitors an
economic advantage, potentially creating an industrial greenhouse
gas emission leakage with harmful effect to the middle class, the
economy and the environment.

The EPA cannot look at the Clean Power Plan in isolation from
the significant cumulative cost that it will impose on the industrial
sector either directly or indirectly through a number of recent
rulemakings.

Since 2000, the manufacturing sector is still down 4.9 million
jobs. Since 2010, manufacturing employment has increased 525,000
jobs. We are still in the early stages of recovery. We do fear that
the Clean Power Plan and also the ozone rule are going to threaten
this recovery.

In contrast, for example, China, our primary competitor, has in-
creased employment by 31 percent since 2000. The U.S. manufac-
turing trade deficit since 2002 has grown $524 billion, 70 percent
with one country, China.

China’s industrial greenhouse gas emissions have risen over 17
percent since 2008 alone. China produces 29 percent more manu-
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factured goods than we in the United States and emits 317 percent
more CO,. That is over three times the amount of CO»> than the
U.S. industrial sector.

Despite our low greenhouse gas emission levels, the EPA will in-
crease our costs and will make it easier for China’s carbon inten-
sive products to be imported, which means the Clean Power Plan
will be directly responsible for increasing global emissions.

There are consequences to increasing energy costs on the indus-
trial sector and it 1s called greenhouse gas leakage. The EPA has
failed to address this issue and thus, the costs are under-estimated.
For example, when a State’s electricity costs rise due to the Clean
Power Plan, companies with multiple manufacturing locations will
shift their production to States with lower costs, along with the
greenhouse gas emissions creating State winners and losers. When
they do, it will increase the price of electricity to the remaining
State ratepayers, including the households.

If these companies cannot be competitive, they move offshore,
moving jobs and greenhouse gas emissions, accomplishing nothing
environmentally. One only needs to look at California.

Since AB32, to our knowledge, there is not a single energy-inten-
sive trade-exposed company that has built a new facility in Cali-
fornia. The same goes for the EU under the ETUS. California is
importing their energy intensive products and they are losing or
forfeiting jobs.

It is for this reason we would urge policymakers to hold offshore
manufacturing competitors to at least the same carbon content
standard as we in the United States.

Thank you.

[The prepared statement of Mr. Cicio follows:]
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Page 2
Industrial Energy Consumers of America

Summary of Key Points on the EPA’s Clean Power Plan (CPP)
Paul Cicio
Industrial Energy Consumers of America

1. It is not prudent and is irresponsible to the state ratepayer, for states to make significant
and costly decisions, for example, to shut down coal-fired power plants incurring
stranded costs to meet a CPP compliance target until after judicial review. It is prudent
for states to only take those actions that will reduce GHG emissions at little costs, like
residential energy efficiency programs, to accelerate cogeneration/waste heat to power
initiatives, and to modify NSR in order to remove a barrier to industrial and power
generation energy efficiency investments.

2. Significant costs with insignificant benefits. The CPP accomplishes little globally to
reduce the threat of climate change.

3. The CPP will dramatically increase the cost of power and natural gas, while providing
our offshore competitors an economic advantage, potentially creating GHG emission
leakage, with a harmful effect on middle class jobs, the economy, and the environment.

4. Unilateral U.S. action will require additional action to hold offshore manufacturing
competitors to at least the same carbon content standard as domestic manufacturers,
which should be calculated as a $/ton of carbon content on imported products.

5. Industrial companies are concerned that the CPP and its approach of regulating from
outside-the-fence line, and setting GHG reduction targets that cannot be achieved from
inside-the-fence line, will set a precedent for them.

6. As state electric prices rise, industrials will shift their production to low-cost electricity
states creating state winners and losers, resulting in higher electricity bills for residential
ratepayers. Industrial GHG leakage shifts emissions to other states, which accomplishes
nothing environmentally.

7. It is not the regulated entity that pays for the CPP. Despite the manufacturing GHG
reduction success story, the manufacturing sector is going to pay up to one-third of the
cost of the CPP. The consumer (ratepayer) is the primary stakeholder.

8. The CPP targets coal and greatly weakens our greatest strength — fuel diversity in
power generation that has kept electric prices low and reliability high.

9. Overdependence on one fuel, natural gas, will increase electricity costs long-term,
potentially jeopardizing reliability and increasing natural gas prices. The industrial sector
is dependent upon natural gas as a fuel and feedstock, and there are no substitutes.

10. The CPP could cause power generation reliability problems costing an industrial
facility tens of millions of dollars per day.

1. EPA did not address industrial GHG leakage or account for increased GHG emissions
through greater imports of high GHG content manufactured goods.
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12. The Social Cost of Carbon (SCC) adds “global” carbon costs onto “domestic”
industrial companies — creating another advantage for our global competitors.

13. Energy efficiency efforts are best directed at the residential sector. Industrials operate
at high levels of energy efficiency.

14. Escalating cumulative costs of federal regulations, including the CPP, are a
significant business concern and a barrier to middle class manufacturing job creation.
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L. IDENTITY OF THE INDUSTRIAL ENERGY CONSUMERS OF AMERICA
(IECA)

This testimony is submitted on behalf of the Industrial Energy Consumers of
America (IECA), a nonpartisan association of leading manufacturing companies with
$1.0 trillion in annual sales, over 2,900 facilities nationwide, and with more than 1.4
million employees. It is an organization created to promote the interests of manufacturing
companies for which the availability, use and cost of energy, power or feedstock, play a
significant role in their ability to compete in domestic and world markets.

IECA companies are energy-intensive trade-exposed (EITE) industries, which
means that relatively small changes to the price of energy can have significant negative
impacts to competitiveness. EITE companies are major stakeholders in this debate. EITE
industries consume 73 percent of the entire manufacturing sector’s use of electricity (26%
of U.S.), 75 percent of the natural gas (29% of U.S.), and 82 percent of all energy from
the manufacturing sector.

IECA membership represents a diverse set of industries including: chemical,
plastics, steel, iron ore, aluminum, paper, food processing, fertilizer, insulation, glass,
industrial gases, building products, brewing, independent oil refining, and cement.

II. IECA SUPPORTS S. 1324, THE “AFFORDABLE RELIABLE ELECTRICITY
NOW ACT OF 2015~

IECA supports the requirements set forth in S. 1324 that the EPA must fulfill
before regulating standards of performance for new, modified, and reconstructed fossil
fuel-fired electric utility generating units. The ratepayer protections are also critically
important. This provision provides flexibility, such that in the event that compliance
would have a negative impact on economic growth, competitiveness, reliability, or on

electric ratepayers, the governor would be able to opt-out from compliance. Higher
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electric rates can result in industrial demand destruction and middie class job losses.
Some states would be significantly impacted by the EPA’s target GHG reductions.
II1. POSITION ON CLIMATE ACTION

IECA supports action to reduce GHG emissions in a manner that will not impair
manufacturing competitiveness. The manufacturing sector must have a level playing field
with global competitors. Climate change is global in scope and requires meaningful
global action. Offshore competitors, who import product into the U.S., must be held to
the same environmental standards as domestic manufacturers, or GHG leakage of jobs
and emissions will occur, which accomplishes nothing environmentally.

For decades, IECA companies have had energy efficiency programs that reduce
GHG emissions driven by intense global competition and sustainability goals. This means
that these companies have achieved high levels of energy efficiency. They include
chemicals, iron and steel, petroleum refineries, aluminum, paper, glass, and cement.
IECA companies are active participants in both DOE and EPA energy efficiency
programs, including EPA’s ENERGY STAR. Numerous IECA companies have received
awards and special recognition by federal and state government agencies for excellence
in energy efficiency performance. Plus, EITE companies provide the majority of all
industrial combined heat and power generation in the U.S.

IV. SUMMARY OF IECA POSITION ON EPA’S CLEAN POWER PLAN

It is the consumer, the ratepayer who is the true stakeholder, since they will bear
the burden of any costs from the CPP. We urge the EPA and states to work closely with
these stakeholders as they address the CPP.

IECA does not believe that the EPA has the legal authority to regulate GHG

emissions outside-the-fence line as proposed. We find that the CPP is incompatible with
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numerous practical and technical aspects of America’s electricity system, and would
represent a vast expansion of the agency’s regulatory reach into the authority held by
states and other federal regulatory agencies. In effect, the CPP dictates environmental,
and energy and economic policy, something the authors of the Clean Air Act never
intended.

IECA has serious concerns about the impacts of the CPP on the cost and potential
reliability of electricity and natural gas regionally, and therefore the competitiveness of
U.S. manufacturers, but especially EITE industries. It is clear that the CPP as proposed
will dramatically increase the cost of power and natural gas, while providing our offshore
competitors an economic advantage, potentially creating GHG emission leakage, with a
harmful effect on jobs, the economy, and the environment. The U.S. manufacturing
sector is currently experiencing growth accelerated by the increase in domestic shale gas
production. The U.S. chemical industry alone has announced the construction of over 200
projects representing a potential cumulative investment of $135 billion. These projects
will only go forward if the U.S. maintains its relatively new competitive advantage in
energy affordability and reliability. The proposed rule will increase demand for natural
gas in a relatively short period of time, threatening the shale gas portion of the promise of
a U.S. manufacturing renaissance. The proposed rule poses a significant risk to the
continued shale gas stimulus of the U.S. manufacturing sector.

On flexibility, while the CPP has options touted as “flexibility” by the four
blocks, examining the comments by many states, the options cannot be used for several
reasons that result in often significant limits to utilization of these options. Less flexibility

means higher costs to the consumer. We believe this lack of flexibility drives even higher
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natural gas demand than EPA anticipates and results in even higher costs of electricity
and natural gas, thereby directly impacting industrial competitiveness.

The EPA and states have underestimated the cost of the CPP, because they have

not taken industrial GHG leakage into consideration. It is important to note that the

industrial load often operates 24/7, and this has the effect of keeping rates lower for the

residential ratepayer than they would be otherwise. When a state’s electricity price

increases due to the CPP, manufacturing facilities with multiple locations will shift their

production to other states with lower electricity costs. Some will be able to switch

quickly, others would take more time. The reduction of industrial load will increase costs

to all other remaining ratepavers and it will shift GHG emissions to other states as well,

accomplishing nothing environmentally.

On energy efficiency, the residential sector significantly lags in energy efficiency
and stands in contrast to the high level of industrial energy efficiency performance. If
states were to act under the CPP’s Block 4, their efforts are best directed at the residential
sector.’

Lastly, the CPP and its resulting GHG emission reductions, that are insignificant
when compared to the increases in GHG emissions that will occur in countries with
which we compete. The bottom line is that the CPP has high costs with little benefit.

V.IECA PERSPECTIVES ON THE EPA’S CLEAN POWER PLAN

1. Significant costs with insignificant benefits: Accomplishes little globally to

reduce the threat of climate change.

'1ECA Comments on EPA’s Clean Power Plan Proposed Rule, December 1, 2014; page 12.
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By the EPA’s own admission, the proposed rule will decrease GHG emissions by
730 million tonnes by 2030. EPA’s rule would decrease global emissions by 1.6% of
today’s level. China CO2 emissions increased by 705 million in one year!

The CPP will cost consumers tens of billions of dollars per year and reduce the
global temperature by no more than 0.006 of a degree in 90 years, an insignificant and
costly improvement. In rulemaking documents from April 2010, EPA writes, “Based on
the re-analysis the results for projected atmospheric CO2 concentrations are estimated to
be reduced by an average of 2.9 ppm [parts per million] (previously 3.0 ppm), global

mean temperature is estimated to be reduced by 0.006 to 0.0015 °C by 210072 (See figure

1.
FIGURE 1
The Partnership for a Better Energy Future
1610 1 reports: “for every ton of CO2 reduced in

2030 as a result of EPA’s rule, the rest of

the world will have increased emissions by

more than 16 tons.”

U.S. reduction by 2030 would offset the

equivalent of just 13.5 days of CO2

emissions from China alone.

The GHG reduction from the rule equates

1% global reduction to a global GHG emission reduction of

approximately 1.3%.

Using the accepted climate change model

(Cato Institute Model for Assessment of
Greenhouse-gas Induced Climate Change),

2/100 ] .

projected global warming temperature

increase is reduced by about 18/1000

degree.

GHG increase

13.5 days
China emissions

2. It is not the regulated entity that pays for the CPP. Despite the
manufacturing GHG reduction success story, the manufacturing sector is going to

pay up to one-third of the cost of the CPP.

? http://www.cnsnews.com/news/article/epa-estimates-its-greenhouse-gas-restrictions-would-reduce-global-
temperature-no-more.
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U.S. manufacturing consumption of energy has basically not increased in over 40
years, using about 40 quads of energy per year (See figure 2), while all other sectors of
the economy have substantially increased energy consumption. According to the U.S.
Bureau of Labor Statistics (BLS), over that same time period manufacturing value-added
output has increased by 761 percent, from $235 billion in 1970 to over 2 trillion in 2013,

a tremendous success story.

FIGURE 2

A Success Story: Industrial Energy Consumption
has been Relatively Flat for 44 Years
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Because of investment in productivity, including consistent improvement in
energy efficiency and greater use of natural gas, GHG leakage, GHG emissions are 22
percent below 1973 levels, while all other sectors of the economy have significantly
higher emissions (See figure 3). The point is obvious, and it is that the industrial sector is
not the problem, yet in the CPP the manufacturing sector is going to pay substantially

higher electricity and natural gas costs, and with potential costs due to reliability outages.
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FIGURE 3

A Success Story: Industrial Sector - Only
Sector with Lower CO2 Emissions than 1973
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3. Escalating cumulative costs of federal regulations, including the CPP, are a
significant business concern and a barrier to middle class manufacturing job
creation.

It is inconsistent for the Administration to say they support middle class job
creation, while continuing to increase costs and barriers to producing manufactured
products in the U.S. From 2000 to 2013, according to the analysis of the American
Community Survey, U.S. Census, [PUMS-USA, University of Minnesota, and Pew,
every state has experienced a decline in the share of households that are middle class, and
all but four have experienced a decline in medium income (see Appendix 1 and 2).

We urge policymakers to be mindful of the economic realities that have and will
cause manufacturers to move their facilities to offshore locations to survive.
Unfortunately, this already has resulted in significant changes to employment (See figure

4).
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FIGURE 4
U.S. Manufacturing Employment
From 2000 to 2014, 28.5% decrease
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Despite a recent recovery in job creation, manufacturing employment is still down
4.9 million since 2000, according to the BLS. Global competition is cutthroat and we
often must compete with companies that are government-owned, or subsidized in many
different ways. Many countries actually priortize and support their manufacturing sector.
That cannot be said of U.S. federal policy, especially EPA policy. Figure 5 iilustrates for
example, that China’s manufacturing sector continues to increase employment, while’the
U.S. and the EU-28 have experienced subtantial job declines since 2000. And, while the
U.S. and E.U. industrial sector GHG emissions have declined, China’s industrial GHG
emissions have substantailly inceased (See figure 6). While no U.S. corporation would
want to substitute the quality of air in the U.S. for that of China, these numbers are a clear
reminder that there are clear winners and losers, and consequences for higher cumulative

costs heaped upon the U.S. manufacturing sector.
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FIGURE 5

Manufacturing Employment

EU-28:16.9% decrease
—4-FEU-28 -«China -U.S. | China: 31.5% increase
45000 U.S.: 21.6% decrease

40,000 o

30,000

25,000

Thousands

20,000

A h——A—a

15,000

10,000

5,000

o T i T

2000 200! 2002 2003 2004 2005 2006 2007 2008 2009 2010 20 2012

0}

FIGURE 6

Industrial GHG Emissions
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While the manufacturing sector, especially the EITE industries, have benefited
from the low cost of natural gas, the cost of regulation continues to weigh heavily on

investment, job creation, and global competitiveness. According to the National
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Association of Manufacturers (INAM) 2014 study “The Cost of Federal Regulations to the
U.S. Economy, Manufacturing and Small Business,” the total cost of federal regulations
in 2012 was $2.028 trillion (in 2014 dollars). Of course, not all regulation is bad
regulation. Nonetheless, a significant amount of these regulatory costs are costs that our
offshore competitors do not have.

The U.S. trade deficit is a key measurement of competitiveness. The
manufactuing trade deficit has grow 45 percent since 2002, and in 2014, 70 percent is

with one country, which is China. If fact, China’s share of the deficit increased 145

percent since 2002.

FIGURE 7
U.S. MANUFACTURING TRADE DEFICIT
2002 2005 2010 2014 % Change
(02 to 14)
$ Billions -361.5 -541.4 4117 -524.2 +45.0%
g‘;ﬂl’; tT(f,Z‘;e 28.5% 38.0% 71.1% 70.0% +145.6%

Source: International Trade Administration

4. The significant cumulative direct and indirect cost of EPA regulations
impact manufacturing competitiveness, investment, and jobs. All electric generating
units (EGUSs) costs are eventually passed onto the consumer.

Even though the EPA GHG rule is directed at the EGUs, it is the consumer of
electricity that will bear the cost of the rule. Depending upon what state a manufacturer is
located, they could pay up to one-third of the costs. Higher electricity and natural gas
costs reduce profitability and directly reduce capital investment and middle class jobs.
According to the EPA, the CPP will cost the manufacturing sector $3.7 billion per year or
$37 billion over the next 10 years in increased electricity and natural gas costs.

Non-EPA economic studies suggest that the EPA’s cost estimate is significantly

understated. The May 2015 Energy Information Administration (EIA) report, “Analysis
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of the Impacts of the Clean Power Plan”™ indicates there will be much higher prices. Page
41 states, “The increased investment in new electricity generation capacity as well as the
increased use of natural gas for electricity generation leads to electricity prices in 2020
that are 2% to 5% higher in the compliance cases than the respective base prices.”
Economic activity is also reduced. The EIA report on page 22 says, “Economic activity
indicators, including real gross domestic product (GDP), industrial shipments, and
consumption, are reduced relative to baseline under the Clean Power Plan. Across cases
that start from the AEO2015 Reference case, the reduction in cumulative GDP over
2015-40 ranges from 0.17%-0.25%, with the high end reflecting a tighter policy beyond
2030.”

In November 2014, Energy Ventures produced an analysis which states that
annual power and gas costs for residential, commercial, and industrial customers in
America would be $284 billion higher ($173 billion in real terms) in 2020 compared to
2012-—a 60% (37%) increase. See Appendix 3 for more non-EPA economic study
examples that show substantially higher costs for the CPP than the EPA estimate.

The proposed ozone rule could add even higher costs to electricity and natural
gas. According to the EPA, the proposed ozone rule would increase electricity costs
another $2.7 billion and $3.8 billion for natural gas. Combined, industrial electricity and
natural gas costs could increase to $6.5 billion per year or $65 billion over the next ten
years.

When the proposed CPP and ozone regulations are added to the EIA AEO 2014
forecast, industrials could expect a 41.2 percent increase in electricity prices and a 107.3

percent increase in natural gas prices by 2025 (see figures 8, 9, and 10).

¥ http://www.eia.gov/analysis/requests/powerplants/cleanplan/pdf/powerplant.pdf
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FIGURE 8

Annual Costs Due To EPA

his analysis includes rules MATS, CAIR, most NSPS, and Tier 3 vehicle standards, amongst others.

FIGURE 9

Industrial Electricity Prices
From 2014 to 2025, 41.2% Increase
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*Nate: This analysis includes rules MATS, CAIR, most NSPS, and Tier 3 vehicle standards,
amongst others.
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FIGURE 10

Henry Hub Nafural Gas Prices
From 2014 to 2025, 107.3% Increase
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*Nate: This analysis includes rules MATS, CAIR, most NSPS, and Tier 3 vehicle standards,
amongst others.

For total costs, EPA’s own estimates project that the rule will cause nationwide
electricity price increases averaging between 6 and 7 percent in 2020, and up to 12
percent in some locations.! EPA estimates annual compliance costs between $5.4 and
$7.4 billion in 2020, rising up to $8.8 billion in 2030. These are power sector compliance
costs only, and do not capture the subsequent spillover impacts of higher electricity rates
on overall economic activity.

The United Mine Workers of America have estimated that the rule will result in
187,000 direct and indirect job losses in the utility, rail, and coal industries in 2020, and
cumulative wage and benefit losses from these sectors of $208 billion between 2015 and

2035.°

* EPA, Regulatory Impact Analysis for the Proposed Carbon Pollution Guidelines for Existing Power
Plants and Emission Standards for Modified and Reconstructed Power Plants, June 2014, available at
http://www2.epa.gov/sites/production/files/2014-06/documents/20140602ria-clean-power-plan.pdf.

> http://environmental.pasenategop.com/files/2014/06/Trisko-Testimony.pdf.
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Higher energy prices disproportionately harm low-income and middle-income
families. Since 2001, energy costs for middle-income and lower-income families have
increased by 27 percent, while their incomes have declined by 22 percent.® EPA’s rule
will only exacerbate this trend.

In late July 2014, the Center for Strategic and International Studies (CSIS)
released a preliminary analysis of the EPA proposal.” This analysis found that the EPA
proposal could result in:

¢ Nationwide costs of up to $32 billion per year; and

* Average electricity rate increases of up to 9.9 percent per year.

The Wall Street Journal called EPA’s rule a “huge indirect tax and wealth
redistribution scheme that the EPA is imposing by fiat [that] will profoundly touch every
American.”® The paper further noted that “it is impossible to raise the price of carbon
energy without also raising costs across the economy. The costs will ultimately flow to
consumers and businesses.”

5. As state electric prices rise, industrials will shift their production to low-
cost electricity states creating state winners and losers, and higher electric bills for
residential ratepayers.

Under the CPP, if a state’s electricity prices rise, states can expect manufacturers
who have multiple U.S. production sites to shift production to other states with lower
electricity costs. This results in higher electricity rates for all remaining retail consumers
because the fixed costs to generate electricity are spread over fewer electrons. Secondly,

it shifts GHG emissions and jobs to other states, accomplishing nothing environmentally.

¢ hitp://americaspower.org/sites/default/files/Trisko_2014_1.pdf.

7 Rhodium Group and Center for Strategic and International Studies, Remaking American Power:
Preliminary Results, July 24, 2014.

% http://online. wsi.com/articles/carbon-income-inequality-1401752504.
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If industrials cannot shift production to other U.S. manufacturing sites, GHG leakage to
other countries will occur.

6. The CPP targets coal and greatly weakens our greatest strength, fuel
diversity in power generation that has kept electric prices low and reliability high.

The CPP dramatically reduces the use of coal, an abundant resource of ow-cost
energy that has helped to keep electricity and natural gas costs low. Coal is needed in the
mix of generation energy alternatives to provide diversified, stable, and reliable base load
energy, to provide voltage support, to provide one of the few sources of onsite “stored”
energy in the supply mix, and to compete economically with natural gas.

Here again, the EPA underestimates the number of coal-fired power plant
retirements and the risks of higher reliance on natural gas. The EIA report, (Page 16)
“Analysis of the Impacts of the Clean Power Plan” says, “Projected coal plant retirements
over the 2014-40 period, which are 40 GW in the AEO2015 Reference case (most before
2017), increase to 90 GW (nearly all by 2020) in the Base Policy case (CPP).

With a significant reduction of coal in the mix, as natural gas prices rise, it will
substantially drive up electricity prices. Figure 11 illustrates the significant cost benefits

provided by coal that have helped to keep U.S. electricity prices low.
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FIGURE 11

Coal is a Low Cost Source of BTUs for
Electricity Generation
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According to the International Energy Agency (IEA), while the EPA has
consistently pursued regulations to stop coal use in the U.S., the rest of the world is
forecasted to increase coal use by 2019 (See figure 12). Even Japan has made new
commitments to coal-fired power generation, having just recently announced they

will build 40 coal-fired power plants that will generate 21,200 MWs of electricity.’

% “Japan’s New Coal Plants Threaten Emission Cuts,” Bloomberg News, April 9, 2015,
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FIGURE 12

Projections from IEA Mid-Term
Outlook 2014

The most striking difference is between the U.S. and China as illustrated in Figure
13 below. China’s GHG emissions growth rates greatly outpace, and more than

negate, the potential reductions from the CPP.

FIGURE 13
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7. Overdependence on one fuel, natural gas, will increase electricity costs,
potentially jeopardizing reliability long-term and increasing natural gas prices. The
industrial sector is dependent upon natural gas as a fuel and feedstock, and there
are no substitutes.

According to the Energy Information Administration (EIA), the U.S has a nearly 300-
year supply of coal. Lower 48 natural gas on the other hand, has only a 59-year supply at
2025 demand, according to the AEQ 2014. EIA says that proven reserves are only 9.6
years of supply at 2025 demand. It is also troublesome, that EIA forecasts Henry Hub
prices to increase by 76 percent by 2025 as compared to 2013, which means that our
electricity prices will also rise substantially. These prices do not take into consideration
the recent crude oil price decline that has resulted in a significant drop in drilling
nationwide with longer term effects to be determined. Shale natural gas has significant
decline rates, and without constant drilling, production drops precipitously.

The EIA report, “Analysis of the Clean Power Plan,” makes clear that substantial new
quantities of natural gas-fired generation will be used. The report says, “Natural gas-fired
generation increases substantially in the early 2020s across all cases, as an initial
compliance strategy. Natural gas-fired generation increases from 1,118 BkWh in 2013 to
1,382 BkWh in 2020 in the Base Policy case, 24% above the underlying AEO2015
Reference case baseline level (Page 30).”

Figure 14 illustrates the increases in electricity prices that can be anticipated from
the three types of gas-fired generation technologies at varying costs of natural gas from
$4.00 to $7.00 per MM Btu. The point being is that relatively small increases in the price

of natural gas have substantially high impacts to electricity price outputs.
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FIGURE 14
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8. The CPP could cause power generation shortages. Reliability problems can
cost an industrial facility tens of millions of dollars per day.

As recent as April 1, 2015, Gerry Cauley, president and CEQ of the North
American Electric Reliability Corporation (NERC), said the GHG rules could cause the
retirement of 60 GW of generating capacity, mainly coal-fired generation, over the next
few years, and could result in power generation shortages. He specifically cites the Great
Plains, the Midwest, the Northeast, and Texas as likely reliability problems. NERC plans
to release a new report on April 20, 2015.

Furthermore, Mr. Cauley has said that “If there’s a reliability issue that comes up,
we can’t have an environmental rule that trumps reliability. We don’t want to put
companies in a position where they have to choose between violating an environmental

rule or violating a reliability standard.” IECA wholeheartedly agrees with his comment.
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What does not seem to be said enough is that reliability is simply a question of
cost and time. State public policy servants responsible for the reliability of the grid, with
time, can simply throw costs (capital) at reliability to ensure there are no problems. But
these are costs that would not be incurred without the CPP. And, these are not costs that
the EPA has figured into their cost estimates. The bottom line is that here again, it’s the
consumer who will be forced to absorb these additional costs. Importantly, capital costs,
investments to ensure reliability need sufficient time to permit, engineer, construct and
put into operation. The 2020 interim target is a significant obstacle to having sufficient
time to put these facilities into operation.

From IECA’s perspective, there are two reliability threats, one from power
outages and the other from regional natural gas curtailments. In both cases, it is
manufacturing facilities that are always the first to be curtailed.

For industrial facilities, reducing electric and gas reliability could result in the
temporary or permanent shutdown of manufacturing facilities, which could result in costs
starting from tens of millions of dollars per day. Damages can occur to the product being
produced and the manufacturing equipment.

9. EPA did not address industrial GHG leakage and account for increased
GHG emissions through greater imports of high GHG content manufactured goods.

When EPA did its economic analysis of the CPP, it failed to account for industrial
GHG leakage. By not including industrial GHG leakage, EPA has overestimated benefits
and underestimated costs. IECA urges the EPA to complete a study to understand the
impact of the CPP on industrial GHG leakage including increased imported GHG
emissions. The imported GHG emissions must be subtracted from domestic GHG

reductions.



50

Page 24
Industrial Energy Consumers of America

Examining GHG emissions from imported manufacturing products is overdue. To
illustrate, 75 percent of the U.S. trade deficit is with one country, China.'® According to
the IEA and the World Bank,!! in 2011, China’s total manufactured goods value-added
were over $2.3 trillion, as compared to $1.8 trillion for the U.S. However, China’s total
manufacturing industries® CO2 emissions were 2.5 trillion tonnes, while the U.S
manufacturing sector was only 598 billion tonnes. This means that China produced 29
percent more manufactured goods, but emitted 317 percent more CO2 than U.S.
manufacturing. U.S. manufacturing produces three times the amount of goods for every
one tonne of carbon, as compared to China.

Industrial GHG leakage is an accepted climate policy challenge. For example, the
Waxman-Markey legislation, the “American Clean Energy and Security Act,” included
specific provisions to reduce the impact of industrial GHG leakage. In December 2, 2009,
several Senators released the report, “The Effects of H.R. 2454 on International
Competitiveness and Emission Leakage in Energy-Intensive Trade-Exposed
Industries.”'* Both the EU ETS and California’s AB32 carbon cap and trade regulation
acknowledge GHG leakage as a real problem. Despite this, the CPP does not contain
provisions to avoid industrial GHG leakage.

Historically, there is an absolute direct relationship between U.S. energy costs and
manufacturing employment, and the manufacturing trade deficit. As energy costs rise,
manufacturing jobs and investment decrease, and imports increase. The reverse is also
true, as U.S. energy costs decline, manufacturing jobs and investment increase, and

exports increase.

19 U.S. Bureau of Labor Statistics.

! International Energy Agency, The World Bank, http://data.worldbank.org/indicator/NV,IND.MANF.CD.
2 http://www.epa.gov/climatechange/Downloads/EP Aactivities/InteragencyReport_Competitiveness-
EmissionLeakage.pdf.
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California is a good example. California’s electricity prices in 2013 were the fifth
highest in the lower 48 states, and the state has also implemented carbon cap and trade.
Figure 15 illustrates that California’s electricity prices rose over 76 percent since 1999,
and they have experienced a corresponding staggering drop in manufacturing
employment of 592,361 high paying jobs. It is important to note that while many states
have increased manufacturing jobs since 2010, California has not. Manufacturing
companies specifically avoid investing in California because of high electricity costs that
are only going much higher because of the carbon cap and trade long term. Cap and trade
adds significant regulatory and cost uncertainty. The net effect is that imports of
industrial GHG intensive manufactured products into California have substantially

increased.

FIGURE 15

As California’s Industrial Electricity Prices
Rise, Manufacturing Jobs Fall
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Another instructive example is the history of U.S. natural gas prices and their

impact on manufacturing jobs. In this case, natural gas is a surrogate for electricity prices.
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From 1999 to 2008, when natural gas prices rose 209 percent, it had a significant impact
on national manufacturing employment that fell by almost 5.0 million direct jobs,
according to BLS, and over 50,000 manufacturing facilities were closed. And now,
largely because of lower natural gas costs, the BLS data indicates that manufacturing jobs
have increased 466,000 from 2010 to 2013.

FIGURE 16

“A Direct Relationship Between Energy
Costs and Manufacturing Jobs”
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10. Unilateral U.S. action will require additional action to hold offshore
manufacturing competitors to at least the same carbon content standard as domestic
manufacturers by imposing carbon standards, calculated as a $/ton of carbon
content on imported products.

[f the CPP stands unchanged, action will be needed to level the playing field with
imported manufactured products. Manufacturing consumes 26 percent of all U.S.
electricity and 29 percent of all natural gas, both of which are greatly impacted by the

CPP, resulting in higher prices. Imposing costs on domestic manufacturers without
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imposing at least the same costs on imported manufacturing goods, reduces
competitiveness, jobs, and will increase imports, further accelerating the trade deficit and
national economic decline.

EPA/states must inflict, at least the same economic pain, in dollars per carbon
content on imported manufactured products. The EPA must establish an import carbon
fee or equivalent based upon the carbon content of the imported product.

Figure 17 illustrates the importance of sound climate policy. If the U.S. can keep
energy costs low, reduce GHG emissions cost-effectively and with a level playing field,
there is a great opportunity to displace imported products, creating a significant number
of domestic manufacturing jobs while reducing global GHGs. To do so, will require the
U.S. manufacturing sector to increase the amount of energy it consumes, while reducing
GHG intensity long-term. Importantly, this cannot be achieved if the EPA imposes a
“cap” on GHG emissions.

Note that 70 percent of the trade deficit is with China, a country very dependent
upon coal and whose manufacturing processes, at large, are generally less energy
efficient and more carbon intensive than comparable facilities in the U.S. (see number 9

above.)
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FIGURE 17

Manufactured Products Trade Deficit Offers
Huge Economic Growth & Jobs Opportunity
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11. The Social Cost of Carbon (SCC) adds “global” carbon costs onto
“domestic” industrial companies — creating another advantage for our global

competitors.
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EPA’s unilateral domestic application of its arbitrary estimates of the global SCC
to justify this proposed rule are contrary to law and federal policy, and the July 2014 U.S.
Government Accountability Office (GAO) has confirmed that the EPA did not follow
OMB guidelines in the development of the SCC.

The SCC calculates the global cost of carbon to justify domestic costs and
benefits. First, to be sure, these are inflated costs because they failed to use the OMB 7
percent discount rate. Second, no other country in the world is imploding *“global” carbon
costs on their country’s economy. One only needs to look at the carbon price of the EU
ETS, RGGI or the California AB32 to see that no one is pricing carbon at these elevated
levels. And, for U.S. industrials who compete globally, absorbing these therotical higher
costs could impact competitiveness and middle class jobs long-term.

Importantly, the EPA did not comply with OMB guidelines as they developed
their social cost of carbon. Below is the GAO summary with special emphasis added to
highlight critcal errors. ' For these reasons, the EPA should not proceed to use the
exising social cost of carbon.

“The Environmental Protection Agency (EPA) used the seven Regulatory
Impact Analyses (RIA) GAO reviewed to inform decision making, and its
adherence to relevant Office of Management and Budget (OMB) guidance
varied. According to senior EPA officials, the agency used these R1As to
facilitate communication with management throughout the rulemaking
process and communicate information that supported its regulatory
decisions to Congress and the public. However, it generally did not use
them as the primary basis for final regulatory decisions.

“EPA generally adhered to many aspects of OMB's Circular A-4 guidance
for analyzing the economic effects of regulations including, for example,
considering regulatory alternatives and analyzing uncertainties underlying
its RIAs. However, EPA did not always adhere to other aspects.

Specifically, the information EPA included and presented in the RIAs was
not always clear. According to OMB guidance, RIAs should communicate

3 “EPA Should Improve Adherence to Guidance for Selected Elements of Regulatory Impact Analyses,”
GAO, July 2014, http://www.gao.gov/products/GAO-14-519.
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information supporting regulatory decisions and enable a third party to
understand how the agency arrives at its conclusions. In addition, EPA's
review process does not ensure that the information about selected
elements that should appear in the analyses—such as descriptions of
baselines and alternatives considered—is transparent or clear, within
and across its RIAs. As a result, EPA cannot ensure that its RIAs adhere
to OMB's guidance to provide the public with a clear understanding of its
decision making.

“In addition to using Circular A-4 (issued in 2003) to analyze the effects
of regulations, EPA used more recent guidance developed by an
interagency working group co-led by OMB and another White House
office in 2010 for valuing carbon dioxide emissions. Applying this
guidance while using Circular A-4 to estimate other benefits and costs
yielded inconsistencies in some of EPA's estimates and has raised
questions about whether its approach was consistent with Circular A-
4. Circular A-4 does not reference the new guidance and the new
guidance does not include an overall statement explaining its
relationship to Circular A-4. Without increased clarity about the
relationship, questions about the agencies' adherence to OMB guidance
will likely persist.

“In assessing EPA's adherence to OMB guidance, GAO identified two
other areas in which EPA faced challenges that limited the usefulness of
some of its estimates. First, EPA did not monetize certain benefits and
costs related to the primary purposes or key impacts of the rules GAO
reviewed, such as reducing hazardous air pollutants and water quality
effects. EPA officials said resource and data limitations constrained the
agency's ability to monetize these effects. OMB guidance acknowledges
that monetizing effects is not always possible. However, without doing so,
the public may face challenges understanding the trade-offs associated
with regulatory alternatives. Second, EPA estimated effects of its
regulations on employment, in part, using a study that, according to
EPA officials, represented the best reasonably obtainable data when
they conducted their analyses. However, the study was based on data
that were more than 20 years old and may not have represented the
regulated entities addressed in the RIAs. EPA officials said they are
exploring new approaches for analyzing these effects but were uncertain
about when such results would be available. Without improvements in its
estimates, EPA's RIAs may be limited in their usefulness for helping
decision makers and the public understand these important effects.”
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We appreciate the opportunity to provide this testimony on the EPA’s Clean

Power Plan.

Sincerely,
Paul N. Cicio



58

Page 32
Industrial Energy Consumers of America
APPENDIX 1
SHARE OF HOUSEHOLDS THAT ARE MIDDLE CLASS
2000 Difference

Alabama 46.7% : 44.1% -5.6%
Alaska 53.5% 51.8% -3.2%
Arizona 50.0% 45.9% -8.2%
Arkansas 48.9% 45.7% -6.5%
California 46.7% 43.5% -6.9%
Colorado 51.3% 47.3% -7.8%
Connecticut 48.9% 44.9% -8.2%
Delaware 52.2% 47.9% -8.2%
Florida 48.8% 45.9% -5.9%
Georgia 49.0% 44.2% -9.8%
Hawaii 49.9% 48.6% -2.6%
Idaho 52.7% 51.9% -1.5%
Ilinois 49.8% 45.8% -8.0%
Indiana 53.0% 48.6% -8.3%
Towa 54.1% 51.0% -5.7%
Kansas 51.8% 48.3% -6.8%
Kentucky 47.1% 44.5% -5.5%
Louisiana 45.0% 42.0% -6.7%
Maine 51.6% 46.9% -9.1%
Maryland 51.6% 48.2% -6.6%
Massachusetts 48.6% 44.8% -7.8%
Michigan 50.6% 46.3% -8.5%
Minnesota 52.9% 48.9% -7.6%
Mississippi 46.3% 42.8% -7.6%
Missouri 50.2% 47.1% -6.2%
Montana 51.3% 46.6% -9.2%
Nebraska 52.2% 49.1% -5.9%
Nevada 53.6% 48.8% -9.0%
New

Hampshire 53.9% 49.7% -7.8%
New Jersey 48.8% 44.8% -8.2%
New Mexico 48.0% 43.2% -10.0%
New York 45.1% 42.3% -6.2%
North Carolina 50.3% 45.7% -9.1%
North Dakota 52.6% 47.5% -9.7%
Ohio 50.9% 45.7% -10.2%
Oklahoma 48.9% 46.8% -4.3%
Oregon 51.4% 47.7% =71.2%
Pennsylvania 49.3% 46.5% -5.7%
Rhode Island 48.2% 45.1% -6.4%
South Carolina 50.0% 45.8% -8.4%
South Dakota 52.6% 49.4% -6.1%
Tennessee 49.2% 45.8% -6.9%
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State 2000 2013 Difference
Texas 47.8% 45.2% -5.4%
Utah 55.0% 52.3% -4.9%
Vermont 52.4% 47.4% -9.5%
Virginia 49.5% 45.9% -7.3%
Washington 51.7% 47.4% -8.3%
West Virginia 46.7% 44.7% -4.3%
Wisconsin 54.6% 48,9% -10.4%
Wyoming 51.5% 51.2% -0.6%

Source: Stateline analysis of American Community Survey, U.S. Census and IPUMS-USA, University of
Minnesota, Pew

APPENDIX 2

MEDIAN INCOME
State 2000 2013 Difference
Alabama $47,038 $42,849 -8.9%
Alaska $71,065 $72,237 1.6%
Arizona $55,889 $48,510 -13.2%
Arkansas $44,347 $40,511 -8.6%
California $65,445 $60,190 -8.0%
Colorado $65,046 $58,823 -9.6%
Connecticut $74,322 $67,098 -9.7%
Delaware $65,291 $57,846 -11.4%
Florida $53,493 $46,036 -13.9%
Georgia $58,473 $47,829 -18.2%
Hawaii $68,652 $68,020 -0.9%
Idaho $51,774 $46,783 -9.6%
1ilinois $64,201 $56,210 -12.4%
Indiana $57,279 $47,529 -17.0%
Towa $54,388 $52,229 -4,0%
Kansas $55,980 $50,972 -8.9%
Kentucky $46,400 $43,399 -6.5%
Louisiana $44,876 $44,164 -1.6%
Maine $51,317 $46,974 -8.5%
Maryland $72,852 $72,483 -0.5%
Massachusetts $69,592 $66,768 -4.1%
Michigan $61,551 $48,273 -21.6%
Minnesota $64,919 $60,702 -6.5%
Mississippi $43,173 $37,963 -12.1%
Missouri $52,273 $46,931 -10.2%
Montana $45,507 $46,972 3.2%
Nebraska $54,087 $51,440 -4.9%
Nevada $61,433 $51,230 -16.6%
New
Hampshire $68,166 $64,230 -5.8%
New Jersey $75,991 $70,165 -1.7%
New Mexico $47,035 $43,872 -6.7%




60

Page 34
Industrial Energy Consumers of America

State 2000 Difference
New York $59,796 $57,369 -4.1%
North Carolina $53,996 $45,906 -15.0%
North Dakota $47,684 $55,759 16.9%
Ohio $56,437 $48,081 -14.8%
Oklahoma $46,025 $45,690 -0.7%
Oregon $56,382 $50,251 -10.9%
Pennsylvania $55,266 $52,007 -5.9%
Rhode Island $58,000 $55,902 -3.6%
South Carolina $51,099 $44,163 -13.6%
South Dakota $48,619 $48,947 0.7%
Tennessee $50,104 $44,297 -11.6%
Texas $55,019 $51,704 -6.0%
Utah $63,010 $59,770 -5.1%
Vermont $56,300 $52,578 -6.6%
Virginia $64,321 $62,666 -2.6%
Washington $63,079 $58,405 -7.4%
West Virginia $40,921 $41,253 0.8%
Wisconsin $60,344 $51,467 -14.7%
Wyoming $52,215 $58,752 12.5%

Source: Stateline analysis of American Community Survey, U.S. Census and IPUMS-USA, University of
Minnesota, Pew

APPENDIX 3
NERA, OCTOBER 2014
hitp://www.americaspower.org/sites/default/filessNERA_CPP%20Report_Final Oct%20

2014 .pdf

Figure ES-1: Overview of Energy System Impacts of State Unconstrained (BB1-4) and State
Constrained (BB1-2) Scenarios (Annual Average, 2017-2031)
Total Coal Natural Gas- Henry Hub Delivered Electricity
Retirements Coal-Fired Fired Natural Gas Electricity  Sector CO2
Through 2031 Generation  Generation Price Price Emissions
GW TWh TWh 2013S/MMBru 2013 ¢/kWh MM metric tons
Baselne 51 1672 1212 $5.25 10.8 2080
State Unconstramed (BB1-4) 97 Lol 1269 $5.36 120 1624
Change from Baseline +45 -481 +57 +30.11 +1.3 -456
% Change from Baselne +18% -2%% +5% +2% +12% -22%
State Constrained (BB1-2) 220 492 2015 $6.78 12.6 1255
Change from Baseline +169 -1,180 +802 +51.53 +1.9 -825
% Change from Baseline +69% ~71% +H56% +29% +17% -A0%
Note:  Coal retirements are cumulative from 2014. Percentage change in coal retirements is relative to total
baseline 2031 coal capacity.
Source: NERA calculations as explained in text,

Page 12
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2) Scenarios

Figure ES-2: Energy System Costs of State Unconstrained (BB1-4) and State Constrained (BB1-

Source: NERA calculations as explained in text.

State State
Unconstrained  Constrained
(BB1-4) (BB1-2)
Present Value (Billion 20138%)
Cost of Electricity, Excluding EE -$209 $335
Cost of Energy Efficiency $560 $0
Cost of Non-Electricity Natural Gas s15 $144'
Total Consumer Energy Costs $366 $479'
Notes: Present value is from 2017 through 2031, taken in 2014 using a 5% real discount rate

Page 13

Figure 11: Energy System Cost Impacts of State Compliance Scenarios (billion 2013 dollars)

2017 2020 2023 2026 2029 PV (2017-2031)

State Unconstrained (BB1-4)
Cost of Electricity, Excluding EE -%9 -$13 -$24 -$36 -$42 -$209
Cost of Energy Efficiency 8§25 $52 $71 §73 §73 $560
Cost of Non-Electricity Natural Gas 0 8 $3 3 31 $13
Total Consurer Energy Costs $16 $42 $49 $39 $33 $366

State Constrained (BB1-2)

Cost of Electricity, Exchuding EE -36 $33 $46 $59 §73 $335
Cost of Energy Efficiency %0 $0 50 0 $0 30
Cost of Non-Electricity Natural Gas $1 319 $21 $20 $21 $i44
Total Consumer Energy Costs -$4 $51 368 $79 394 $479

Note:
Source: NERA calculations as explained in text,

Present value is from 2017 through 2031, taken in 2014 using a 5% real discount rate.

Page 35

Average, 2017-2031, 2013 cents per kWh)

Figure 16: Ratepayer Class Delivered Electricity Price Impacts of State Scenarios (Annual

Residential Commercial Industrial All Sectors

Baselme 12.7 ¢ 11.0¢ 78 ¢ 10.8 ¢
State Unconstrained (BB1-4) 143 ¢ 12.6 ¢ 83¢ 12.0 ¢
Change from Baselne +1.7¢ +15¢ +H.5¢ +1.3 ¢
% Change from Baseline +13% +14% +6% +12%
State Constramed (BB1-2) 14.6 ¢ 129 ¢ 95¢ 12.6¢
Change from Baselne +2.0¢ +19¢ +1.7¢ +1.9¢
% Change from Baselme +15% +17% +22% +17%

Source: NERA calculations as explained in text.

Page 39
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Figure 19: Consumer Electricity-Related Cost Impacts of State Scenarios (Annual Average, 2017-
2031, billion 2013 dollars)

Residential  Commercial Industrial All Sectors
Baseline $192 $161 385 $439

State Unconstrained (BB1-4)

Electricity Bills $195 sle4 $34 $443
Consumer Energy Efficiency Costs 813 $13 po $29
Total Consumer Electrictty-Related Costs $207 $177 $88 $472
Change from Baselne +815 +315 +$3 +$34
% Change from Bascline +8% +9% +3% +8%

State Constramned (BB1-2)

Elkectricity Bills $210 8179 398 $487
Consumer Energy Efficiency Costs $0 $0 $0 $0
Total Consumer Ekectricity-Related Costs $210 $179 398 $487
Change from Baselne +§18 +318 +513 +548
% Change from Baseline +9% +11% +15% +11%
Source: NERA calculations as explained in text.
Page 41

MISO LETTER TO EPA, PARTICULARLY SECTION ON INTERIM
DEADLINES, NOVEMBER 25, 2014, http://greatlakeslegalfoundation.org/wwems/wp-
content/uploads/2014/12/MISQO_CPP_Comment_112514.pdf

« Sufficient time is required to engage in rational planning, construction and
integration of cost-effective resource and infrastructure solutions that maintain
reliable and efficient delivery of electricity (page 2).

* Without sufficient time to plan, cost-effective decisions for the long term will be
sacrificed (page 2).

* At best, the truncated timeline created by the interim performance requirements
will force state regulators and generation owners to make hasty and perhaps
uncoordinated decisions. This will erode the value of MISO’s transmission
planning process and reduce the overall value of economic dispatch of the system,
thereby unnecessarily increasing electric costs to consumers (page 4).

¢ Flexibility will be crucial to preserving reliability of the electric system and
allowing for more cost-effective implementation (page 4).
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ENERGY VENTURES ANALYSIS, PARTICULARLY COST IMPACTS,
NOVEMBER 2014 (pages 4-5)
http://greatlakesiegalfoundation.org/wwems/wp-content/uploads/2014/12/Nov-2014.-
EVA-Energy-Market-Impacts-of-Recent-Federal-Regulations-on-the-Electric-Power-

Sector.pdf

e Annual power and gas costs for residential, commercial and industrial customers
in America would be $284 billion higher ($173 billion in real terms) in 2020
compared to 2012—a 60% (37%) increase.

* Electricity cost increases represent $177 billion ($98 billion) and natural gas
increases represent $107 billion ($75 billion) of the $284 billion ($173 billion)
cost increase from 2012 to 2020.

e Average annual household gas and power bills would increase by $680 ($293) or
35% (15%) from 2012 to 2020.

o Annual average electricity bills would increase approximately $340 ($102)
or 27% (8%) from 2012 to 2020.

o Annual average home gas heating bills would increase approximately
$340 ($190) or 50% (28%) from 2012 to 2020.

o The cost of electricity and natural gas will be impacted in large part due to an
almost 135% increase in the wholesale price of natural gas (100% in real dollars),
from $2.82/mmbtu in 2012 to approximately $6.60/mmbtu ($5.63) in 2020. These
increases are due to baseline market and policy impacts between 2012 and 2020
as well as significantly increased pressure on gas prices resulting from recent EPA
regulations on the power sector and the proposed CPP.

® On a percentage basis, the U.S. industrial sector would be affected most severely,
as its total cost of electricity and natural gas would approach $200 billion ($170
billion) in 2020, a 92% (64%) increase from 2012.

o Increased operational costs in the industrial sector are of particular
concern for energy intensive industries in the U.S. such as aluminum, steel
and chemicals manufacturing, which require low energy prices to
compete.

o Industrial power consumers would be expected to pass energy cost
increases on to their customers, affecting the costs of goods purchased by
American consumers over and above increased monthly utility bills.

2020

U.S. Electricity and Natural Gas Cost Increases (Nominal Dollars) 2012 G, Case  Increase ($)  increase (%)
Avg. Annual Residential Customer's Electricity and Natural Gas Biii (§) 1963 2,643 680 35%
Industrial Electricity Rate (¢/kWh) 6.7 10.5 38 56%
Totat Cost of Eiectricity and Natural Gas for All Sectars ($ Billion) 470 754 284 B60%
U.S. Electricity and Natural Gas Cost Increases (Real Dollars) 2012 céoégs e increase ($) Increase (%)
Avg. Annual Residential Customer’s Electricity and Naturai Gas Bili ($) 1963 2,256 293 15%
industriai Electricity Rate (¢/kWh) 6.7 8.9 22 33%
Total Cost of Electricity and Natural Gas for All Sectars ($ Billion) 470 644 174 37%

“Figures in Constent 2012 Dollars
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NAVIGANT REPORT, MAY 2014 (PAGE 13)
http://appanet.files.cms-plus.com/PDFs/Markets Matter -- Hamal Report.pdf

Cost Implications of Unnecessary Volatility and Uncertainty — Lastly, while price
signals in the RTO-operated markets provide some incentives for resource
development, the role such signals can play in ensuring efficient reductions at a
reasonable cost depends on predictability. Highly volatile prices that are not
predictable introduce uncertainty that will detract from investments, driving up
costs and raising customer costs over the long term. The volatile pricing produces
an uncertain revenue stream for capacity resources, reducing the ability to finance
investment with long-term debt. This is already a problem in capacity auction
markets. Today’s capacity prices are higher than necessary by 20% or more
because of the price volatility inherent to the mandatory auctions. This problem is
borne by customers, as they are the ones who pay for the resources over the long
term.

New requirements for CO2 emission reductions will change the operation of all
electricity markets. Costs will be incurred and suppliers compensated under
whatever policy choices are made. If policy options create unnecessary volatility
in those costs and revenues, it will increase costs that will ultimately be passed on
to customers. It could also lead to reliability issues. This is not a problem for
programs involving a CO2 price based on a tax rate which should be predictable.
But, programs where the price changes in response to supply and demand can
introduce considerable uncertainty. In years of shortage, prices will escalate,
potentially dramatically. In a market with merchant generation, a shortage of CO2
emission credits simply leads to a decision to shut down, with the potential for
that outcome much greater if the owner has other sources of supply that will then
enjoy even higher prices. Clearly the incentives are not aligned with ensuring
reliable system operations. Regulatory provisions such as making additional
emission credits available at a fixed price cap can act as a safety valve and ensure
reliability is not threatened. But again, the interaction between these factors will
be important.

“EPA’S CLIMATE REGULATIONS WILL HARM AMERICAN
MANUFACTURING,” MARCH 2014

htip://www.heritage.org/research/reports/2014/03/epas-climate-regulations-will-harm-
american-manufacturing?mb=true#form_anchor
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Senator CAPITO. Thank you very much.
Our next witness is Mr. Harry Alford, President and CEO of the
National Black Chamber of Commerce. Welcome.

STATEMENT OF HARRY ALFORD, PRESIDENT AND CEO,
NATIONAL BLACK CHAMBER OF COMMERCE

Mr. ALFORD. Good afternoon, Chairman Capito, Ranking Member
Carper and distinguished members of the subcommittee.

My name is Harry Alford. I am President and CEO of the Na-
tional Black Chamber of Commerce.

The NBCC represents 2.1 million Black-owned businesses within
the United States. I am here today to testify about the Environ-
mental Protection Agency’s proposal to regulate greenhouse gas
emissions from power plants and the potential impacts of those
proposed regulations on energy costs for American businesses,
rural communities and families.

In particular, I would like to focus on the potential adverse eco-
nomic and employment impacts of the Clean Power Plan on low in-
come groups and minorities, including individuals, families and mi-
nority businesses.

While increased costs often come with increased regulation, the
Clean Power Plan in particular seems poised to escalate energy
costs for Blacks and Hispanics in the United States. According to
a recent study commissioned by the National Black Chamber of
Commerce, the Clean Power Plan would increase Black poverty by
23 percent, Hispanic poverty by 26 percent, result in cumulative
job losses of 7 million for blacks, nearly 12 million for Hispanics
in 2035, and decrease Black and Hispanic median household in-
come by $455 to $550, respectively, in 2035.

For these minority and low income groups, increased energy
costs have an even greater impact on their lives, jobs and busi-
nesses because a larger percentage of their incomes and revenues
are spent on energy costs.

What may seem like a nominal increase in energy costs to some
can have a much more harmful effect on minorities and low income
groups. Our members are very concerned about these potentially
devastating economic impacts of the Clean Power Plan. We appre-
ciate the opportunity to highlight them for the committee. In light
of these concerns, the National Black Chamber of Commerce un-
dertook an effort to examine the potential economic and employ-
ment impacts of the Clean Power Plan on minorities and low in-
come groups.

On June 11, 2015, the NBCC released a study on the threat of
the EPA regulations to low income groups and minorities. The
study finds that the Clean Power Plan will inflict severe, dispropor-
tionate economic burdens on poor families, especially minorities. In
particular, the rule imposes the most harm on residents of seven
States with the highest concentrations of Blacks and Hispanics.

The EPA’s proposed regulation for greenhouse gas emissions
from existing power plants is a slap in the face to poor and minor-
ity families. These communities already suffer from high unemploy-
ment and poverty rates compared to the rest of the Country. Yet,
the EPA’s regressive energy tax threatens to push minorities and
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low income Americans even further into poverty. I want to high-
light some of the key findings of the study.

The EPA rule increases Black poverty by 23 percent and His-
panic poverty by 26 percent. In 2035, job losses will total 7 million
for Blacks and 12 million for Hispanics. In 2035, Black and His-
panic median household income will be $455 and $515 less respec-
tively.

Compared to Whites, Blacks and Hispanics spend about 20 and
90 percent more of their income on food, 10 percent and 5 percent
more on housing, 40 percent on clothing and 50 percent and 10 per-
cent more on utilities, respectively. The rule will especially harm
residents of seven States with the highest concentration of Blacks
and Hispanics. Those States are Arizona, California, Florida, Geor-
gia, Illinois, New York and Texas.

The study demonstrates that the EPA Clean Power Plan would
harm minorities’ health by forcing tradeoffs between housing, food
and energy. Inability to pay energy bills is second only to the in-
ability to pay recent as the leading cause of homelessness.

Business groups like the NBCC are not the only entities express-
ing concerns about the Clean Power Plan. States, which would be
responsible for implementing the Clean Power Plan, have criticized
the plan for numerous deficiencies.

Officials from 28 States say the EPA should withdraw its pro-
posal citing concerns such as higher energy costs, threats to reli-
ability and lost jobs. Officials from 29 States have said EPA’s pro-
posed rule goes well beyond the agency’s legal authority under the
Clean Air Act and 50 States have already joined in lawsuits.

The NBCC totally supports the ARENA Act, S. 1324. We cer-
tainly encourage all members of this committee to put the bill to
vote and make it law.

Thank you so much.

[The prepared statement of Mr. Alford follows:]
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Harry C. Alford (National Black Chamber of Commerce)
Senate EPW Committee Hearing — Tuesday, June 23, 2015 (Z:QO p.m.)
406 Dirksen Senate Office Building

“The Impacts of EPA’s Proposed Carbon Regulations on Energy Costs
for American Businesses, Rural Communities and Families, and a
legislative hearing on S. 1324”
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Introduction

Good morning, Chairman Capito, Ranking Member Carper, and
distinguished Members of the Subcommittee on Clean Air and Nuclear Safety of
the Committee on Environment and Public Works. My name is Harry C. Aiford
and | am the President of the National Black Chamber of Commerce. The National
Black Chamber of Commerce represents 2.1 million Black-owned businesses
within the United States. | am here today to testify about the Environmental
Protection Agency’s proposals to regulate greenhouse gas emissions from power
plants, and the potential impacts of those proposed regulations on energy costs

for American businesses, rural communities and families.

In particular, I would like to focus on the potential adverse economic and
employment impacts of the Clean Power Plan on low-income groups and
minorities, including individuals, families and minority-owned businesses. While
increased costs often come with increased regulation, the Clean Power Plan in
particular seems poised to escalate energy costs for Blacks and Hispanics in the
United States. According to a recent study commissioned by the National Black

Chamber of Commerce, the Clean Power Plan would:

e increase Black poverty by 23% and Hispanic poverty by 26%

¢ result in cumulative job fosses of 7 million for Blacks and nearly 12
million for Hispanics in 2035; and

» decrease Black and Hispanic median household income by 5455 and

$515, respectively, in 2035.
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For these minority and low-income groups, increased energy costs have an
even greater impact on their lives, jobs, and businesses because a larger
percentage of their incomes and revenues are spent on energy costs. What may
seem like a nominal increase in energy costs to some can have a much more
harmful effect on minorities and low-income groups. Our members are very
concerned about these potentially devastating economic impacts of the Clean
Power Plan, and we appreciate the opportunity to highlight them for the

Committee.

Background

As you know, in June 2014, EPA proposed the “Clean Power Pfan” —a rule
under the Clean Air Act that would regulate greenhouse gas emissions from
existing power plants.' The proposed rule sets a goal of a 30% nationwide
reduction of 2005 GHG emission levels by 2030. Using Section 111(d) of the Clean
Air Act, the Clean Power Plan creates GHG emissions reduction goals for each
state. These goals are based upon the Agency’s cafculation of the emission
reductions that a state can achieve by applying the “best system of emissions

reduction.”

Portions of those reduction goals would have to be met-on an interim basis
in 2020, and then the full reductions achieved by 2030. The EPA developed those
state-specific goals using four “building blocks”: (1) heat rate improvements at
coal-fired power plants; {2} replacing coal-fired electricity with increased
generation at existing natural gas combined cycle power plants; (3) increasing

nuciear and renewable EGU capacity; and {4) demand-side energy efficiency.

! See Carbon Pollution Emission Guidelines for Existing Stationary Sources: Electric Utility Generation Units, Docket
0 No. EPA-HQ-0OAR-2013-0602; FRL-9910-85-0AR, 79 Fed. Reg. 34,830 {Jun= 18, 2014).

3
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Much of the business and industrial community have expressed significant
concerns with the Clean Power Plan, including whether the EPA is exceeding its
legal authority under the Clean Air Act and whether the Plan will adversely impact
the reliability and affordability of energy in the United States for industrial and

residential consumers.

National Black Chamber of Commerce Economic Study

in light of these concerns, the National Black Chamber of Commerce

undertook an effort to examine the potential economic and employment impacts
of the Clean Power Plan on minorities and low-income groups. On June 11, 2015,
the National Black Chamber of Commerce released a study on the threat of the
EPA regulations to low-income groups and minorities.” The study finds that the
Clean Power Plan will inflict severe and disproportionate economic burdens on
poor families, especially minorities. In particular, the rule will impose the most
harm on residents of seven states with the highest concentrations of Blacks and

Hispanics.

The EPA’s proposed regulation for GHG emissions from existing power
plants is a slap in the face to poor and minority families. These communities
already suffer from higher unemployment and poverty rates compared to the rest
of the country, yet the EPA’s regrassive energy tax threatens to push minorities

and low-income Americans even further into poverty.

{ want to highlight some of the key findings from the study:

? Availabie at hitp://nbccnow.org/wp-content/unicads/2015/06/Minority-Impacts-Regort-fune-2015-Final.pdf. A
copy of the study is also attached to this testimony.
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e EPA’s rule increases Black poverty by 23% and Hispanic poverty by
26%.

s In 2035, job losses total 7 million for Blacks and nearly 12 million for
Hispanics.

¢ In 2035, Black‘and Hispanic median household income will be $455
and 8515 less, respectively.

e Compared to Whites, Blacks and Hispanics spend 20% and 90% more
of their income on food, 10% and 5% more on housing, 40% more on
clothing, and 50% and 10% more on utilities, respectively.

e The rule will especially harm residents of seven states with the
highest concentrations of Blacks and Hispanics: Arizona, California,

Florida, Georgia, lilinois, New York, and Texas.

The study demonstrates that the EPA’s Clean Power Plan would harm minorities’
health by forcing tradeoffs between housing, food, and energy. Inability to pay
energy hills is second only to inability to pay rent as the leading cause of

homelessness.

The EPA’s apparent indifference to the plight of low-income and minority
households is inexcusable. We should pursue policies that expand opportunity
for the less fortunate, not ones that further disadvantage them. The National
Black Chamber of Commerce and its members have always been fully supportive
of environmental stewardship — we want clean air for our employees, our
customers, and our communities. We also want economic prosperity for our
communities, our businesses, and our employees and their families. One does

not have to be sacrificed for the other. Unfortunately, the Clean Power Plan, as
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proposed, does just that — and those who likely will be most disadvantaged by the
Plan are minorities and low-income groups. The EPA should withdraw the Clean
Power Plan and not move forward with a regulation that could drive up energy
costs, eliminate jobs, send more Blacks and Hispanics into poverty, and make the

U.S. less competitive for industry and manufacturing.

The ARENA Act {S. 1324)

The economic and employment threats posed by the Clean Power Plan go
beyond minorities and low-income group. On a broader level, and as found in a
recent NERA Economic Consulting study, the Clean Power Plan would impose
between $366 billion and $479 billion in compliance costs.” Those costs would be
passed along to consumers in the form of a 12 to 17 percent increase in electricity
rates.* According to the EPA’s own numbers, the Clean Power Plan would force
the closure of up to 49 gigawatts of coal-fired power plant capacity—equivalent

to 15 percent of all nationwide coal capacity.5

Business groups like the National Black Chamber of Commerce are not the
only entities expressing concerns about the Clean Power Plan. States, which
would be responsible for implementing the Clean Power Plan, have criticized the
Plan for numerous deficiencies. Officials from 28 states have said that the EPA
should withdraw its proposal, citing concerns such as higher energy costs, threats
to reliability and lost jobs. Officials from at least 29 states have said that the
EPA’s proposed rule goes well beyond the agency’s legal authority under the

Clean Air Act, and 15 states have already joined in a lawsuit against the rule.

* Available at

http://www.nera.com/content/dam/nera/publications/Z014/NERA ACCCE CPP Final 10.17.2014 pdf.
“1d.

*id.
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In order to address these concerns in a balanced and bipartisan way,
Chairman Capito has introduced S. 1324, The Affordable Reliable Energy Now Act,
or ARENA Act. This important legislation would: (1) prevent mandates for
unproven technology; (2) extend compliance deadlines, including for state
implementation plans, by requiring final judicial review first; (3) require the EPA
to issue state-specific model plans showing how states could meet their individual
reduction goals; (4) enable states to protect ratepayers by providing that a state
does not have to implement the Plan if the governor finds that doing so would
negatively impact the reliability and affordability of electricity; and (5) prevent the
EPA from withholding highway funds from any states for noncompliance with the

Clean Power Plan.

The ARENA Act provides reasonable and thoughtful solutions to addressing
the previously identified concerns with the Clean Power Plan, including the
potentially adverse economic and employment impacts on minorities and low-
income groups. We urge all of the Committee members to vote in support of the

ARENA Act.

Conclusion

The National Black Chamber of Commerce and its members value and
support clean air, clean water, and environmental quality. We also value and
support economic growth, job creation, and prosperity for our individual
members and this country as a whole. These are not mutually exclusive goals.
For those reasons, we support the ARENA Act and urge the members of this
Committee and the Senate to support the legislation. We appreciate the

Committee holding this hearing and highlighting this critical issue. Thank you for
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the opportunity to testify and | look forward to answering any questions you may

have.
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Senator CAPITO. Thank you very much.

Our next witness is Joseph J. Martens, Commissioner, New York
State Department of Environmental Conservation. Welcome, Mr.
Commissioner.

STATEMENT OF JOSEPH J. MARTENS, COMMISSIONER, NEW
YORK STATE DEPARTMENT OF ENVIRONMENTAL CON-
SERVATION

Mr. MARTENS. Thank you, Chairman Capito, Ranking Member
Carper and members of the subcommittee. Thank you for providing
the opportunity for me to testify this afternoon.

My name is Joseph Martens and I am the Commissioner of the
New York State Department of Environmental Conservation. I am
also Vice-Chair of the Board of Directors of RGGI Inc., which ad-
ministers the Regional Greenhouse Gas Initiative, a program of
nine northeastern States that uses market principles to reduce
greenhouse gas emissions from the power sector.

I thank the committee for providing me the opportunity to dis-
cuss the success we have had in reducing carbon emissions in New
York, while creating jobs and keeping energy bills in check.

I have spoken with many of my colleagues from other States
across the Country and have heard many of them discuss their con-
cerns about the rule. I recognize that each State faces different cir-
cumstances but I think in RGGI, we have a successful model for
reducing emissions while creating jobs and reducing energy bills.
Other States can use similar approaches to comply with the Clean
Power Plan tailored to their own circumstances.

RGGI was started in 2005 by a bipartisan group of Northeastern
and Mid-Atlantic Governors. It sets a declining cap on emissions
and allows the market to determine efficiently where the emission
reductions will occur.

In addition to their participation in RGGI, each of the RGGI
States has aggressive energy efficiency and renewable energy pro-
grams. The RGGI cap collects the reductions from these efforts
under a single emission cap and shares the carbon reductions from
these programs are realized and accounted for.

Proceeds from RGGI allowance options helps fund many of these
initiatives, creating a virtual cycle of consumer benefits for tax-
payers and ratepayers. Our program has been a resounding suc-
cess.

The State greatly exceeded the original 10 percent reduction tar-
get, achieving a 40 percent reduction by 2012. To achieve even
greater reduction, the RGGI States acted to further reduce the cap
to 50 percent below 2005 levels in 2020.

We achieved this reduction in an economy that grew 8 percent
over the period from 2005 to 2013, adjusted for inflation. In New
York, we have realized economic benefits from RGGI and associ-
ated programs, including creating jobs and reducing energy bills.
For example, Governor Cuomo’s New York Sun program has made
New York fourth in the Nation for solar jobs.

As of the end of 2014, we have committed more than $550 mil-
lion in proceeds from the auction of RGGI emission allowances to
programs that will provide energy bills savings of over $1 billion
or other benefits to over 130,000 households and 2,500 businesses.
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Beneficiaries of programs funded by RGGI proceeds include low
income families and businesses. For example, two energy efficiency
programs targeted specifically at income eligible families are pro-
viding 100,000 low and moderate income families with more than
$80 million in cumulative energy bill savings.

To those who say reducing emissions will cause electric rates for
businesses to rise, we have actually reduced industrial electricity
rates while reducing carbon emissions from 50 percent over the na-
tional average to 13 percent below.

We have enjoyed similar outcomes across the RGGI region. An
independent analysis undertaken by the highly respected Analysis
Group concludes that the reinvestment of auction proceeds from
the first 3 years of the program is reducing total energy bills in the
RGGI regions by $1.3 billion, adding $1.6 billion to regional econ-
omy and creating an estimated 16,000 jobs.

Reducing emissions also provides substantial public health bene-
fits, including saving lives, reducing illness, health care costs and
lost work days. Our experience demonstrates that a group of States
can substantially reduce emissions and grow the economy at the
same time. Therefore, instead of asking whether we can afford to
reduce that pollution, a more pertinent question is whether we can
afford not to act now to reduce the emissions that are causing our
climate to change.

In New York, we are already experiencing the destructive effects
of climate driven extreme weather. Three years ago, Hurricane
Sandy decimated many communities and tens of thousands of
homes in New York and New Jersey at a cost of $67 billion. Over
70 lives were lost in the area struck by the storm. A year earlier,
Hurricanes Irene and Lee caused 66 deaths and $17 billion in dam-
age. These storms disproportionately harmed low income families
and small businesses in communities located in low lying areas
most vulnerable to flooding.

Our choice as a Nation is straightforward. We can invest in clean
energy, creating jobs as a result at little or no net cost and reap
the benefits of better health, lower health costs and reduced risk
of climate change or we can ignore the science and expect more fre-
quent storm events causing tens of billions of dollars in damages.

To New York, the answer is clear. We have demonstrated it is
possible to use energy more efficiently, stimulate economic growth,
pﬁovide healthier air and reduce the potential damage from climate
change.

That concludes my testimony. Thank you.

[The prepared statement of Mr. Martens follows:]
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Testimony on “The Impacts of EPA’s proposed Carbon Regulations on Energy Costs for
American Businesses, Rural Communities and Families, and a Legislative Hearing on S.
1324.”

Joseph Martens
Commissioner, New York Department of Environmental Conservation
Vice Chair, Regional Greenhouse Gas Initiative, Inc. Board of Directors

June 23, 2015

Good morning. My name is Joseph Martens and | am the Commissioner of the New York State
Department of Environmental Conservation. | am also Vice-Chair of the Board of Directors of
RGG! Inc., which administers the Regional Greenhouse Gas Initiative {RGGl), a program of nine
northeastern states that uses market principles to reduce greenhouse gas emissions from the
power sector. Although | am testifying today on behalf of New York, | will also relate the

collective experience of the RGG! states.

| appreciate the opportunity to testify today about the benefits of programs to reduce the
greenhouse gas emissions that contribute to climate change, with a particular focus on how
families and businesses in New York have benefitted from RGGI and complementary clean
energy programs. Simply put, the experience of New York and the other RGG! states over the
last seven years clearly establishes that a state can grow its economy while reducing harmful
carbon emissions. As 1 will explain, participation in RGGl is helping to improve energy efficiency
and reduce costs for our residents and businesses and create jobs in New York and across the
RGGl region. In addition, strategies to reduce harmful power plant emissions provide ample
public health benefits that reduce the cost of medical care for our residents. The structure of
the proposed federal Cieah Power Plan provides flexibility to other states to design their own
pathways to reduce carbon pollution and reap similar economic, social and environmental

henefits.

The RGGi effort, similar to EPA’s Clean Power Plan proposal, recognizes that carbon emissions
are not limited to political houndaries or jurisdictions. Individual state and regional efforts like
RGG! must be supported by a strong and equitable federal plan that ensures that alf states
contribute to achieving the reductions needed to address climate change.

1
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My key takeaways include:

o The states participating in RGGI have shown that it is possible to achieve cost-effective
pollution reductions while reducing energy costs to our families and businesses and
growing our economy.,

* Although the participating states set a goal of reducing carbon emissions 10% by 2018,
we have reduced emissions 40%, while growing our states’ economies.

* Energy efficiency and other projects funded by RGG! auction proceeds to date will
provide $2.9 billion in ertime'energy bill savings for 3.7 million households and 17,800
businesses.

» Electricity rates for industrial customers in New York have declined from 50% above the
national average before RGG! to 13% below the national average in 2014 after RGGI.

e Qverall, 2500 businesses across the state — most of which are small businesses -- have
benefitted directly from the investment of RGG! auction proceeds and the program is
providing over $60 million in funding for advanced clean energy projects to more than
80 businesses across the state, enabling them to better compete in the global economy.

* New York’s energy efficiency programs supported by RGGI proceeds have resulted in
over 80 million dollars in energy bill savings to 100,000 low and moderate income
families. Overall, 21% of the total electricity savings across the RGG! portfolio are
directed to environmental justice areas.

* Recent storms have demonstrated the cost of a changing ciimate on low-income
families that are the least able to bear the resulting costs of recovery.

e A multi-state market-based program can yield the most cost-effective carbon emission

reductions.

We should no tonger ask whether we can afford to reduce harmful pollution. We, and many
other states, have demonstrated that we certainly can, while reducing energy costs and
growing our economy. A more pertinent question is whether we can afford not to take action

now. To New York’s families and businesses, the answer to that is equally clear. Because the

2
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potential costs imposed by climate change on our families, businesses and resources greatly
exceed the cost of reducing emissions, action to reduce carbon pollution significantly

nationwide is needed now.
RGGI Success

RGGI started in 2005, when a bipartisan group of northeastern and mid-Atlantic governors
joined in a memorandum of understanding {MOU) to establish the program. In their MOU,
those governors recognized the risks posed by the changing climate and emphasized the
potential economic benefits to the region of reducing the amount of money our businesses and
consumers spend on electricity produced with fossil fuels. The participating states initially set a
goal of reducing carbon emissions 10% by 2018, but we have greatly exceeded that goal,
already achieving a reduction of more than 40% at the same time as our economy has

expanded.

The RGG! states have achieved this success by setting a declining cap on emissions from the
electricity sector and auctioning allowances to the businesses covered by the cap. This system
allows the market to determine efficiently where the emission reductions will occur. The
experience of the RGGI states is that a suite of activities directed at promoting a cleaner energy
system provides the best opportunity for emiésion reductions from the power sector, or the

“best system of emission reduction” in the parfance of the Clean Air Act.

In addition to their participation in RGG|, each of the RGGI states have energy efficiency and
renewable energy programs‘ that rank among the nation’s most progressive. The RGG! cap
collects the reductions from these efforts under a single emissions limit and ensures-that the
carbon reductions from these programs are realized and accounted for. And proceeds from
RGGI allowance auctions help fund many of these initiatives — creating a virtuous cycle of

consumer benefits for ratepayers.

Our program has heen a resounding success. Not content with reducing emissions 40% by
2013, the RGGI states agreed in 2013 to lower the 2020 cap to 50% below 2005 levels — cutting

power sector emissions in half in just 15 years. Notably, the RGGI states achieved this
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reduction in an economy that grew approximately 8% over the period from 2005 to 2013,

adjusted for inflation.

The Benefits of Reducing Carbon Emissions Greatly Exceed Any Costs

In New York, we have realized many economic benefits from RGGI and associated programs.
We have increased wind power thirty-fold since 2005 and more recently, the NY-Sun program
has helped New York become one of the nation’s fastest growing markets for solar power,
adding more than 300 megawatts {MW) of solar in the first 2 years and we expect to add
another 3000 MW of sofar by 2023. New York now has the nation’s fourth largest solar
workforce and at least 10,000 people work in the wind and solar industries in New York. Like
the other RGGI states, we have also invested significantly in energy efficiency, saving enough
electricity to power nearly a million homes and achieving more than $5.8 billion in cumulative

energy bill savings.

By investing RGG! allowance proceeds in job-creating clean energy programs, we are reducing
energy bills in New York and across the RGGI region. An independent analysis undertaken by
the highly respected Analysis Group concludes that the reinvestment of auction proceeds from
the first three years of the program will reduce total energy bills in the RGGI region by 51.3
biflion, adding $1.6 billion to the regional economy, and creating an estimated 16,000 jobs in
the process. In New York, more than $450 million in proceeds from the auction of RGGI
emissions allowances have been committed to programs that will reduce energy costs for over
130,000 households and 2,500 businesses. Region-wide, the investment of auction proceeds
through 2013 is expected to produce more than $2.9 billion in lifetime energy bill savings to

more than 3.7 million families and 17,800 businesses.

Energy bills are the product of two factors: how much energy is consumed and how much that
energy costs. By investing in energy efficiency, we are reducing one half of the equation — the
amount of electricity consumed. In addition, the average industrial electricity rate in New York
has also declined over the period that RGGI has been in place, while electricity rates have

increased nationally over the same period. In 2006, before the RGGI requirements were in
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place, industrial electricity rates were 50% higher than the national average. In 2014, after

RGGY, industrial electricity rates in New York are 13% below the national average.

Businesses in New York are also benefit directly from RGG! investments. The program is
providing over $60 million in funding for advanced clean energy projects at over 80 businesses
across the state, enabling them to better compete in the global economy. Overall, 2500
businesses across the state —most of which are small businesses -- have benefitted from the

investment of RGG} auction proceeds.
Benefits to Low Income Families

in New York, we recognize the importance of enabling all New Yorkers to share in the economic
and environmental benefits of our clean energy initiatives. To that end, two energy efficiency
programs funded in part by RGG! {the EmPower NY and Assisted Home Performance with
Energy Star programs) are targeted specifically at income-eligible families. These two programs
are providing 100,000 low and moderate income families with more than 80 million doliars in
cumulative energy bill savings through the first quarter of this year. In addition, more than one
quarter of the energy efficiency loans provided by the $100 million Green Jobs Green New York
efficiency program have gone to low and moderate income New Yorkers. Overall, 15% of RGG!
investments have funded projects in designated environmental justice areas across the state,

accounting for 21% of the total electricity savings across the RGGI portfolio.

Each state participating in RGG! has the freedom to develop its own approach to using auction
proceeds to benefit low income families. For example, in addition to supporting energy
efficiency, Maryland uses the proceeds from RGGI auctions for direct energy bill assistance for
low income families. The reinvestment of auction proceeds has helped more fhan 215,000 low-
income Maryland families pay their energy bills and supported energy efficiency upgrades for

nearly twelve thousand low- and moderate-income families.
Protecting Public Health

RGG! contributes to Governor Cuomo’s comprehensive clean energy strategy that is reducing
pollution, growing the green economy, and protecting public health in New York. This

5
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groundbreaking strategy is called Reforming the Energy Vision, or REV. it will create a cleaner,
more resilient, more affordable, integrated energy system that harnesses the local grid with
more reliable, green resources. REV will also provide New York’s families and businesses with
better control over their energy decisions, allowing them to participate in further reducing

emissions from New York’s energy system.

In addition to economic benefits, New York’s clean energy programs are providing substantial
public health benefits including reducing iliness, health care costs and lost workdays. Over the
same period that New York cut power sector carbon pollution by 40%, emissions of sulfur
dioxide decreased more than 90%, and nitrogen oxide emissions by around 75%. These
reductions are estimated to save hundreds of lives, prevent thousands of asthma attacks and
provide public health benefits valued in the billions of dollars. We expect to see similar results

nationwide from implementation of the Clean Power Plan, after it is finalized by EPA.
The High Cost of the Changing Climate

In my view, the response to the question of whether we can afford as a nation to reduce
emissions from the electricity sector is clearly a resounding yes. But an even more important
question is whether we can afford not to. Increased carbon’emissions are contributing to a
warming climate. As a result, high-intensity storm events have become the norm. These events
have and will continue to have significant economic impacts on the States. We do not have to
rely solely on studies or projections to notice the impact in New York, because we have
experienced the destructive effects of climate-driven extreme weather. Three years ago,
Hurricane Sandy decimated many communities and tens of thousands of homes in New York
and New Jersey at a cost of $67 billion; over 70 lives were lost in the New York and New Jersey
area struck by the storm. A year earlier, Hurricanes Irene and Lee caused 66 deaths and $17

billion in damage.

Notably, these storms disproporticnately harmed low income families and smaller businesses in
communities located in low-lying areas most vulnerable to flooding. in New York, 30% of the
homeowners and 65% of the renters directly impacted by Sandy had household incomes below
$30,000. In New York City, 800,000 public housing residents lost essential services during

6
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Sandy and thousands of families in the most vulnerable areas did not have power fully restored
for several months. Asbad as Hurricane Sandy was, we face an even more bleak future if sea
levels rise as much as six feet by the end of the century, as could occur if we fail to take

substantial action now to reduce carbon emissions worldwide.
Lessons for the Clean Power Plan

RGGI demonstrates that states can achieve carbon emission reductions that exceed the Clean
Power Plan’s national goal of 30% below 2605 levels using a regional compliance approach,
while reducing energy costs, creating jobs, and protecting public heaith. Our experience
informs us that EPA’s projection that the Clean Power Plan will lead to lower, not higher,
electricity bills, is likely to be true —if States choose smart, cost-effective approaches to achieve

EPA’s targets.

A multi-state, market-based program like RGGl provides the most cost-effective means of
reducing emissions to comply with the Clean Power Plan. The multi-state market enables
regulated facilities in the participating states to take advantage of the most cost-effective
compliance strategies across the participating states. In addition, states that choose to auction
allowances can use the proceeds, as we have done in RGG!, to provide economic benefit and
reduce energy costs to their residential and industrial energy consumers. One of the

advantages of the Clean Power Plan is that EPA teaves those policy decisions to the states.
Conclusion

Our choice as a nation is straightforward. We can invest in clean energy, creating jobs as a
result, at little or no net cost, and reap the benefits of better health, lower health costs and
reduced risks of climate change. Or we can ignore the science and expect more frequent storm
events causing tens of billions of dollars in damages. To New York, the answer is clear: we can
use energy more efficiently, stimulate economic growth, provide healthier air, and reduce the

potential damage from climate change. Other states can reap the same benefits.
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Senator CAPITO. Thank you.

Our final witness is Mary B. Rice, M.D., MPH, Instructor in
Medicine, Harvard Medical School, Division of Pulmonary, Critical
Care and Sleep Medicine. Welcome.

STATEMENT OF MARY B. RICE, M.D., MPH, INSTRUCTOR IN
MEDICINE, HARVARD MEDICAL SCHOOL, DIVISION OF PUL-
MONARY, CRITICAL CARE AND SLEEP MEDICINE

Dr. RICE. My name is Dr. Mary Rice. I am an adult
pulmonologist and critical care physician at Beth Israel Deaconess
Medical Center and Harvard Medical School in Boston.

I care for adults with lung disease, most of whom have asthma
or emphysema. I also care for critically ill adults in the intensive
care unit.

My message is simple. Climate change is becoming the worst
public health crisis of modern medicine. Hundreds of research stud-
ies have demonstrated that greenhouse gas emissions have already
changed our climate over the past several decades, causing heat
waves that last longer and happen more frequently, dangerous
spikes in ground level ozone, increased wildfire activity and longer,
more potent pollen seasons. These effects hurt American families.

My physician colleagues and I are already seeing these health ef-
fects among our patients. The American Thoracic Society recently
conducted a survey of our U.S. members who are doctors from all
around the Country, caring for children and adults.

We found that the vast majority of doctors said climate change
is affecting their patients today. Let me describe just a few of the
health effects that my colleagues and I see.

Consider heat waves. Several doctors commented that their pa-
tients with emphysema, already struggling to breathe, cannot han-
dle extreme heat. Studies have found that people with asthma and
emphysema visit their doctors more often and get hospitalized
more often during heat waves. The elderly, who may already be
weakened by heart and lung disease, die during heat waves.

Extreme heat also increases ozone to levels that are harmful to
the lungs of people, not only people with asthma and emphysema
but also the lungs of babies and young children, and even healthy
adults. Ozone spikes during heat waves have been found to con-
tribute to premature mortality.

The hot conditions promoted by climate change favor forest fires
and grassland fires, which are at a great cost to human health.
During a heat wave in May 2014, for example, multiple wildfires
broke out simultaneously in San Diego County, causing $60 million
in damage.

This estimate does not capture the damage to the health of fami-
lies who were affected by those fires. Wildfires can travel great dis-
tances and release a mixture of toxins that are especially irritating
to the lung making it harder for people to breathe.

A colleague of mine in San Diego told me that he advised all his
patients to stay inside and keep the air conditioning on. Is this the
future we want for American families, one where it is not safe to
go outside? There is no doubt that wildfires increase hospitalization
for asthma in children and adults and for respiratory illness among
the elderly.
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Climate change is also bad for people with seasonal allergies,
about 30 percent of all Americans and for the roughly 10 percent
of Americans with asthma. Warmer temperatures lengthen the pol-
len season because plants bloom earlier in the spring and also
higher levels of carbon dioxide increase the amount of pollen that
is produced.

In the northern States of the U.S., pollen seasons have length-
ened by more than 2 weeks to date than they were in 1995. They
are also more powerful. Studies have found that when pollen levels
are higher, people use more medications, visit their doctors more
for allergies and emergency room visits for asthma among children
and adults go up.

One of my patients, a single mother with a teenage son, both of
whom have severe asthma, called me on a weekly basis this spring
because of trouble breathing. Between the missed days of school for
her son and missed days of work for her, this allergy season was
a disaster for her family.

I am a physician and a researcher, but my most important job
is my role as a mother to three children under the age of 6. My
1-year-old son has had two emergency room visits and a hos-
pitalization for respiratory illness.

When my son develops a cough or wheeze, I am terrified because
this could mean the next ambulance ride. When he is sick, I cannot
go to the hospital and take care of my patients or my husband can-
not work.

We are more fortunate than many Americans, many of whom
risk losing their job or struggle to pay for the next emergency room
visit when they or a loved one suffers an acute respiratory illness.
My son and every American deserves clean air.

I have only described a few of the threats to the health of Ameri-
cans from climate change. Experts predict that we can avoid the
most frightening scenarios if we reduce greenhouse gas emissions
and better yet, when we address climate change, we redeem imme-
diate health benefits right here in the U.S. When we reduce green-
house gas emissions, we also reduce air pollutants that trigger
heart attacks, asthma and emphysema attacks, stroke and death.

As a mom, a doctor and a representative of the American Tho-
racic Society, I favor taking firm steps to address climate change
because I support clean air and a healthy future for all Americans.

Thank you.

[The prepared statement of Dr. Rice follows:]
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Ms. Chairwoman, Mr. Ranking member, my name is Dr. Mary Rice. I
am an adult pulmonologist and critical care physician at Beth Israel Deaconess
Medical Center and Harvard Medical Scheol in Boston, and also Vice-Chair of
the Environmental Health Policy Committee of the American Thoracic
Society. When I am not caring for patients, I am engaged in research on the
respiratory health effects of ambient air poflution exposure among children and
adults. On behalf of the American Thoracic Society, I want to thank the
Committee for the opportunity to testify regarding the proposed carbon
regulations of the Environmental Protection Agency (EPA). The American
Thoracic Society is a medical professional organization with over 15,000
professionals and patients who are dedicated to the prevention, detection,
treatment and cure of respiratory disease, critical care illnesscs and sleep«
disordered breathing. We pursue our mission through research, clinical care,
education and advocacy. The American Thoracic Society has identified
climate change as one of the most important health issues facing our patients,
who are children and adults across the United States, most of whom suffer
from critical illness or lung disease(l, 2).

The 2013 Intergovetnmental Panel on Climate Change (IPCC) report
concluded that carbon dioxide concentrations have risen by 40% since pre-
industrial times, primarily duc to fossil fuel emissions, and have reached levels
“unprecedented in at least the last 800,000 years”(3). The report concluded
that global warming is “unequivocal” and that with 95-100% certainty, the
observed warining since the 1950°s is primarily due to human activity(3). In
the past decade, an accumulation of scientific evidence has shown that climate
change is not only an environmental and economic problem, it is a human
health problem of enormous proportions. Some of the most well-deseribed
human health consequences of climate change are caused by:

(1) heat waves

(2) spikes in ozone pollution

(3) forest fires

(4) longer and more potent pollen seasons
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Last year, the American Thoracic Society Environmental Health Policy Committee
collaborated with George Mason University to conduct a survey of United States American
Thoracic Society members about climate change and health(4). The survey respondents were
predominantly clinicians (89% held an M.D. or other clinical professional degree). Overall, §89%
of member respondents judged that climate change is presently happening and 68% indicated
that climate change is mostly or entirely caused by human activity. What may be especially
surprising to many, is that most physicians responding to the survey reported that they have
already observed symptoms among their patients that they attribute to climate change. For
example, 77% of respondents have noted increases in the severity of chronic iliness resulting
from spikes in air pollution as a consequence of climate change, such as ozone or wildfires.
Also, 58% noted increases in allergic disease symptoms and 48% observed heat-related health
effects among patients. Of the-many clinical anecdotes provided, several respondents commented
about regional wildfire activity and urban high ozone events affecting their patients with asthma
or chronic obstructive pulmonary disease, and many noted increases in allergic disease
symptoms and injuries due to changes in weather.

Our patients and their families are already suffering as a result of greenhouse gas
emissions, and the healthcare system is already paying the cost of hospitalizations, doctor visits
and drug prescriptions to treat these problems. Without efforts to reduce greenhouse gas
emissions, the human health toll for American families will continue to rise. [ will review some
of the human health consequences of climate change for which there is a high level of confidence
and scientific evidence of health effects, with a focus on cardiopulmonary health.

1. Heat Waves

Heat waves have well-documented adverse health effects. It is therefore highly
concerning that climate models predict up to a 50% increase in the frequency in the hottest (ie,
the top 5™ percentile based on historical records) days by mid-century(5, 6). Extreme heat
increases mortality, especially among the elderly and those with chronic disease(7, 8). The heat
wave that hit western Europe in August 2003 resulted in an excess ot 15,000 deaths in France
alone(9). InJuly 1995, Chicago experienced a heat wave that resulted in more than 600 excess
deaths, 3,300 excess emergency department visits, and a large number of intensive care unit
admissions for near-fatal heat stroke(10). Heat stroke patients admitted to the intensive care unit
suffercd from brain impairment, kidney failure and derangement of the clotting system, and 21%
died during their hospital admission(10). The chart below demonstrates the increase in intensive
care unit admissions for near-fatal heat stroke in 12 Chicago-area hospitals during the 1995 heat
wave:
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Relation between admissions to the intensive care unit (ICU) for near-fatai heat stroke (bar graph) and the heat index (line chart)
during the height of the heat wave. Admissions increased 24 hours after the peak heat index on 13 July 1995, The peak
admission rate occurred 2 days later, on 15 July 1995. Intensive care unit admissi incided with h lated deaths reported
by the Cook County Medical Examiner's office. From: Dermatte et al. Ann Intern Med. 1998;129(3):173-181

Extreme heat events are linked to higher rates of hospitalization for respiratory and heart
disease. Acute increases in temperature and humidity are associated with increased emergency
department visits and hospitalizations for asthina in children and adults (11, 12). For example, a
study of 12.5 million Medicare beneficiaries found that each 10°F increase in daily temperature
was associated with a 4.3% increase in same-day emergency hospitalizations for respiratory
diseases(13). A study examining hourly temperature and incidence of heart attacks found that
when temperatures exceeded a threshold of 68 °F, people’s risk of heart attack increased 1-6
hours later(14). There is also evidence that extreme heat may trigger exacerbations of congestive
heart failure(12).

People living in cities, particularly low income families living in neighborhoods with
large buildings and little open space, are especially vulnerable to extreme heat(15), because of an
urban “heat istand” effect, As average temperatures increase, populations will adjust to a higher
temnperature range, but they will continue to be vulnerable at temperature extremes(16). Recent
studies have examined the effect of adaptation (including air conditioning use) on heat-related
mortality, and have concluded that adaptation does reduce premature mortality due to extreme
heat(17, 18). If greenhouse gas emissions continue without abatement, the need for measures
such as widespread subsidies for air conditioning for low income families, the construction of
cooling centers, and surveillance programs for the frail and elderly to prevent premature death
and hospitalization due to extreme heat is likely to become an essential public health priority in
cities across the United States.

Extreme heat also impairs outdoor worker productivity, because unprotected outdoor
work in extreme heat can lead to heat stroke and heat exhaustion, electralyte disturbances and
dehydration. A number of indexes have been developed, including indices from the
Occupational Safety & Health Administration (OSHA) and the US army, to establish safe
temperature ranges for outdoor work of varying work intensities(19, 20). Greenhouse gas
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emissions increase the frequency of days with heat levels that are unsafe for continuous outdoor
work; mandating more breaks and reducing worker productivity. Emissions also increase the
frequency of days that are unsafe for any heavy outdoor work, such as occupational lifting,
carrying and digging(21). One study estimated that global warming since the pre-1960 baseline
has decreased global working capacity by 3 % during the peak summer season, and predicts that
if greenhouse gas emissions rates continue along their historical trajectory, future global working
capacity will drop to below 40 percent during the peak summer season (21). Workers in mid-
latitude regions such as the US east of the Rockies, are expected to be exposed to dangerous
environmental heat stress, experienced today only by the most extremely hot regions of the
Earth, if greenhouse gas emissions continue along their historicaf trajectory(21).

2. Ozone Pollution

Ground-level ozone is a major component of photochemical smog that is formed through
atmospheric reactions of nitrogen oxides and volatile organic compounds (both emitted by motor
vehicles and fossil fuel burning) in the presence of sunlight. Ozone formation increases with
more sunlight and higher temperature(22).

The frequency and intensity of ozone episodes during summer months are projected to
increase as a result of rising temperatures(23, 24). Recent heat waves have been associated with
ozone levels that exceeded air quality standards(25). Because ozone is a lung and airway
irritant(26, 27), people with pre-existing lung disease like asthma or chronic obstructive
pulmonary disease are particularly susceptible to adverse health effects of ozone exposure. A
substantial body of evidence has shown that modest short-term increases in ground-level ozone
increase risk of acute care visits and hospitalization for asthma (28-31) and chronic obstructive

-pulmonary disease(32, 33). Ozone exposure also been associated with deterioration in asthma
control, resulting in increased medication use and missed school and work days (34, 35).

Spikes in ozone have been associated with increases in all-cause mortality(36). The
deadly heat wave of 2003 in Europe was accompanied by high levels of ozone that are thought to
have contributed to excess mortality in addition to the mortality caused by the heat itself(25, 37).

3. Forest Fires

Climate models indicate that with 1°C of warming, wildland fire risk may increase 2- to
6-fold over the 1950-2003 baseline in most of the continental U.S. west of the Mississippi(38).
When forests burn they release a range of pollutants, from particulate matter and acrolein (a
respiratory irritant) to carcinogens such as formaldehyde and benzene. For example, wildfire in
the Pocosin Lakes National Wildlife refuge in North Carolina produced smoke and haze
intermittently for a number of weeks in 2008, Maximum daily smoke-related fine particulate
matter levels reached as high as 129 ;Lg/m‘}, which is nearly 4 times the current EPA daily
standard of 35 g/m3 for fine particulate matter(39). Studies suggest that particles in wildfire
smoke are more toxic to the lung than particulate matter from other sources of pollution(40).
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The number of wildfires over 1,000 acres in size in the region stretching from Nebraska
to California increased by a rate of seven fires a year and 88,000 acres burned per year from
1984 to 2011(41). Although forest fires may ignite in only certain regions, their smoke plumes
may extend over great distances. During the Russian heat wave of 2010, for instance, smoke
from more than 500 wildfires stretched across more than 1800 miles — roughly the distance from
San Francisco to Chicago (42). Exposure to wildland fire smoke has been associated with
asthma and chronic obstructive pulmonary disease emergency room visits and
hospitalizations(43—45), congestive heart failure episodes(39) and overall mortality(46). For
example, the 2008 wildfires in North Carolina increased risk of asthma hospitalization by 66%
for every 100 pg/m’ increase in fine particulate matter(39).

4., Pollen Season

Higher levels of carbon dioxide and a warming climate worsen the global burden of
allergic disease, which has been increasing in prevalence in the industrialized world for more
than 50 years(47). Worldwide, between 10 and 30% of people suffer periodicaily from seasonal
allergies and up to 40% show evidence in their blood of sensititivity to allergens in the
environment(47). Warmer temperatures fengthen the pollen season because plants bloom earlier
in the spring. Between 1995 and 2009, the pollen season lengthened 13-27 days above 44
degrees north in the U.S.(48). Ragweed polien season has lengthened by 24 days in the
Minnesota-North Dakota region between 1995 and 2011 (49). Higher levels of carbon dioxide in
the atmosphere have also been found to increase pollen productivity and the allergic potency of
pollen(50, 51).

Change in ragweed pollen season, 1995-2013

O +27 days

Change in length of pofien season
& Increase & Decrease

Source: $L5. Emsronmenta! Protection Agensy
Higher pollen levels are linked to allergic sensitization in the blood(52) and more

healthcare utilization for allergic disease, measured in terms of over-the-counter allergy
medication use(53), and emergency room and physician office visits for allergic disease(54, 55).
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Longer, more potent allexrgy seasons are especially detrimental to people with asthma.
Numerous studies have found increases in asthma and wheeze-related emergency room visits
when pollen levels are higher(56-59)

In 2010, Americans with seasonal allergies spent approximately 17.5 billion on health-related
costs, lost more than 6 million work and school days, and made 16 million visits to their
doctors(60). Seasonal allergies already exert a huge toll on the health of the American public.
Rising carbon dioxide emissions are expected to continue to worsen this problem by lengthening
the pollen season and further increasing pollen production across the United States.

Conclusion

People across the United States with lung, heart and allergic diséase, and especially the
frail and elderly, are already suffering the health consequences of climate change. Physicians of
the American Thoracic Society are observing these symptoms among our patients in our clinics,
emergency departments and intensive care units nationwide. There is an urgency to reduce
greenhouse gas emissions for the sake of human health.

I would be happy to answer any questions,
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Senator CAPITO. Thank you, Doctor.

I want to thank you all. We will begin the questions and I will
begin.

Mr. Trisko, you mentioned in your remarks the impacts of the
conservation building block of the Clean Power Plan and how elder-
ly citizens and those on fixed incomes would probably be least like-
ly to be the ones to benefit from that or be able to afford to make
those changes.

It says the Energy Information Administration projects that con-
sume energy prices will go up by 4 percent by 2020 which seems
rather low since we just had a 16 percent rise in our prices in West
Virginia.

How do you see these two converging, the rising price and the
lack of the conservation and deficiency aspects of this Clean Power
Plan for the elderly citizen and those on fixed incomes?

Mr. TRrISKO. Let me first address the observation I offered with
respect to senior citizens being least likely to benefit from the en-
ergy efficiency aspects of the Clean Power Plan.

That observation derives from two facts. First is the payback pe-
riod that is required to support major investments in energy effi-
ciencies such as replacement of windows and heating and ven-
tilating systems.

Those payback periods typically are too long to be economically
feasible for lower income senior citizens. It is also true in general
for the population that American houses tend to be owned for a pe-
riod of about 7 years on average.

If you are a homeowner looking at a $10,000 window replace-
ment project that is going to save a few hundred dollars a year on
your energy bills, that payback period is not consistent with the pe-
riod that typical homeowners expect to live in those dwellings.

Second, I have heard this from senior utility executives as well.
One of the difficulties in securing energy efficiency gains from
lower income consumers is the quality of the housing stock, the rel-
atively poor quality of the housing stock, will not support invest-
ments in fairly high cost energy efficiency upgrades such as win-
dows and HVAC systems.

Certainly lower cost options, the simple things such as better
attic insulation, weather stripping and the like have short payback
periods and are feasible. The magnitude of the energy efficiency in-
vestments EPA is projecting in the Clean Power Plan, which NERA
estimates to cost some $500 billion for American consumers, those
investments simply will not be made by the elderly and the lower
income consumers.

I hope that is responsive to your question.

Senator CAPITO. Thank you.

Mr. Alford, the Energy Information Administration recently con-
cluded the Clean Power Plan could reduce the GDP by $1 trillion.
Based on the analysis that you just did and explained, could you
reemphasize for us how you think that is going to impact low in-
come or even minority citizens across the Country?

Mr. ALFORD. It is going to be very critical and tragic. As far as
the 2.1 million Black-owned businesses we represent, their cus-
tomer base is going to whither and I think the quality of life is
going to hurt in our communities. I think people will start to short-
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shrift moneys that would be used for health care or education. I
think people who would resort to crime and violence because they
are poor and broke would increase.

I think it would hurt our communities severely.

Senator CAPITO. A final question very quickly, Mr. Trisko. Part
of the ARENA Act says we should not move forward with these
regulations until all the legal aspects are settled. As you know,
States are challenging this and will challenge when the final rule
comes out.

If States begin to make changes in the meantime, what kind of
scenario does that present to you in terms of how States are going
to be able to react not knowing whether the legal issues have been
settled as yet?

Mr. TRISKO. Senator, you have hit upon one of the most desirable
aspects of the ARENA Act. Let me put it in the context of the cur-
rent situation that the electric utility industry faces.

With respect to EPA’s 2011 Mercury and Air Toxic Standard
Rule or the MATS rule, the MATS rule is currently before the Su-
greme Court. A decision is expected shortly within a matter of

ays.

It is possible the Supreme Court decision could result in vacating
the rule. And yet, utilities, in order to comply with that rule al-
ready have retired dozens of power plants across the United States
and are scheduled to retire even more over the course of the next
year.

Wouldn’t it be advisable as a matter of public policy before imple-
mentation of the most expensive rule ever imposed on the electric
utility sector, $9.5 billion a year, to know up front whether the rule
is legal?

Senator CAPITO. Thank you.

To our Ranking Member, Senator Carper, a fellow West Vir-
ginian, I want to say welcome and also ask if he could do his open-
ing statement and then do questions which I say most certainly
you can.

Senator Carper.

OPENING STATEMENT OF HON. THOMAS R. CARPER,
U.S. SENATOR FROM THE STATE OF DELAWARE

Senator CARPER. Thank you, Madam Chairman. Thanks for hold-
ing the hearing.

To all of our witnesses, it is great to see you and thank you for
joining us, some of you not for the first time.

Dr. Rice, I will think about your son and hope he grows up to
be 101 or 102 years old and has a great life.

One of the issues we always wrestle with here is, is it possible
to have cleaner air, cleaner water and at the same time, have a
strong economy. For most of my life after the Navy, I focused on
job creation and job preservation and what we do to foster a nur-
turing environment for job creation and job preservation.

If you go back to January 2009, the week Barack Obama and Joe
Biden were sworn into office, that week 628,000 people filed for un-
employment insurance. Think about that, 1 week in January 2009.
In the last 6 months of 2008, we lost 2.5 million jobs. The first 6
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weeks in 2009, we lost another 2.5 million jobs. That is 5 million
jobs literally in a 12-month period of time.

Since 2010, we have adopted new mercury regulations on power
plants. We have adopted new carbon pollution or fuel economy
standards on cars and trucks. We have also adopted across State
air pollution standards. Since 2010, we have added 762,000 manu-
facturing jobs and millions other jobs, but three-quarters are man-
ufacturing jobs.

This leads me to believe that maybe it is possible to have cleaner
air and cleaner water and at the same time actually do better by
virtue of our economy and economic growth. I would ask that we
keep that in mind.

As the Chairman said, I was born in Beckley, West Virginia, a
coal mining town. I grew up there in Roanoke and Danville, Vir-
ginia. Now I represent the State of Delaware, the lowest lying
State in the Country. We see every day the effects of climate
change and global warming. Sea level rise creeps up higher and
higher on the east coast of my State. It is very, very real to us.

For decades, the fear of the cost to combat climate change pre-
vented any real action on this issue in Congress. Since coming
here, I have tried to work with my colleagues on a climate com-
promise that would harness market forces to reduce carbon pollu-
tion and reduce the cost of compliance.

As part of that compromise, I worked with Senator Byrd and a
handful of other coal State Senators on language that would have
provided more than $10 billion in incentives to support the deploy-
ment of clean coal power plants.

This language, along with other language, intended to buffer im-
pacts to the coal industry, was included in the Kerry-Boxer bill
which regrettably was not enacted into law. Instead, in coming to
a compromise on climate change, Congress came to a stalemate. All
the while, it is becoming clear that the price of inaction is much
greater than the price of action.

The EPA just released a comprehensive report that outlines the
alarming truth that failure to act on climate change will result in
dramatic costs for our environment and for our economy. Findings
are pretty clear concerning low lying States like Florida, Delaware
and others up and down the east coast.

Without action on climate change, we are going to need to spend
billions of dollars in this century to protect States from rising sea
levels and extreme storms.

The study also projects that inaction on climate change could
lead to extreme temperatures and cause thousands of deaths
throughout the northeast and the mid-Atlantic regions of our Coun-
try.

At least it is clear to me that as each year passes without action,
the more severe, the more costly and perhaps more irreversible the
effects of climate change are becoming. For those of us who come
from States already being impacted by climate change, I think the
message is clear and that is, we can no longer afford inaction.

Many States such as New York, represented here today and wel-
come, and Delaware have already taken action to reduce the emis-
sions of the largest emitters of carbon pollution, power plant.
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As we will hear today, the economics of these States continue to
grow at a faster rate than the States that have yet to put climate
regulations in place. However, we need all States to do their fair
share to protect the air we breathe and stem the tide of climate
change.

The EPA’s Clean Power Plan attempts to do that. Under the
Clean Power Plan, States are given their own carbon pollution tar-
gets and allowed to find the most cost effective way to find reduc-
tions. In fact, it sounds similar to the compromise I tried to foist
on my colleagues here a number of years ago.

I believe instead of undercutting the Clean Power Plan, we
should be working in good faith with the agency to find ways to im-
prove the regulation. For example, the regulation could be im-
proved in several ways.

One, to ensure early action, States are not penalized for being
climate inefficiency leaders. Two, ensure that all clean energy, in-
cluding nuclear, is treated equitably. Three, ensure we meet our
carbon reduction goals.

No compromise is ever perfect. The worse thing we can do is to
do nothing while we try to find the perfect solution. We must act
now while the ability to mitigate the most harmful impact is still
within our grasp.

The choice between curbing climate change and growing our
economy is, as I have suggested here many times, a false one. In-
stead, we must act on curbing climate change in order to protect
the future economy prosperity of our Country.

[The prepared statement of Senator Carper follows:]

STATEMENT OF HON. THOMAS R. CARPER,
U.S. SENATOR FROM THE STATE OF DELAWARE

Thank you, Chairman Capito, for holding this hearing today. I want to welcome
the witnesses to the subcommittee. In today’s hearing we will focus on the costs and
benefits of the Environmental Protection Agency’s (EPA’s) proposed carbon regula-
tions, known as the Clean Power Plan.

I was born in Beckley, West Virginia, and have spent most of my adult life in
Delaware. As a native of a small town supported by coal mining, and now as a Sen-
ator representing the lowest-lying State in the Nation, I have a unique perspective
on the balance that we must strike to make climate regulations work for each State.

The debate on the costs and benefits of climate change action is not a new one.
For decades, fears of the costs to combat climate change have prevented any real
action on this issue in Congress.

Since coming to the Senate I have tried to work with my colleagues on a climate
compromise that would use market forces to reduce carbon pollution and reduce the
costs of compliance. As part of a compromise, I worked with Senator Byrd and a
handful of other coal-State Senators on language that would have provided more
than $10 billion in incentives to support the deployment of clean coal power plants.
This language—along with other language intended to buffer impacts to industry—
was included in the Kerry-Boxer bill, which regrettably did not pass into law.

Instead of coming to a compromise on climate change, Congress came to a stale-
mate. All the while, it is becoming clearer that the price of inaction is much greater
than the price of action.

The EPA just released a comprehensive report that outlines the alarming truth
that failure to act on climate change will result in dramatic costs for our environ-
ment and for our economy. The findings are particularly concerning for low-lying
coastal States like Delaware. Without action on climate change, we will need to
spend billions of dollars in this century to protect our State from rising sea levels
and extreme storms. The study also projects that inaction on climate change could
lead to extreme temperatures and cause thousands of deaths throughout the North-
east and Mid-Atlantic regions.
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It is clear that as each year passes by without action the more severe, the more
costly, and perhaps irreversible, the effects of climate change are becoming. For
those of us from States that are already being impacted by climate change, the mes-
sage is clear—we can no longer afford inaction.

Many States, such as New York and Delaware, have already taken action to re-
duce the largest emitter of carbon pollution—power plant emissions. As we will hear
today, the economies of these States continue to grow at a faster rate than the
States that have yet to put climate regulations in place. However, we need all
States to do their fair share to protect the air we breathe and stem the tide of cli-
mate change. The EPA’s Clean Power Plan attempts to do just that.

Under the Clean Power Plan, States are given their own carbon pollution targets
and allowed to find the most cost-effective way to find reductions. In fact, it sounds
similar to the compromises I tried to find with my colleagues.

I believe instead of undercutting the Clean Power Plan we should be working in
good faith with the agency to find ways to improve the regulation. For example, the
regulation could be improved to:

(1) ensure early action States are not penalized for being climate and efficiency
leaders;

(2) ensure all clean energy is treated equitable; and

(3) ensure we meet our carbon reduction goals.

No compromise is ever perfect, but the worst thing we can do is to do nothing
while we try to find the perfect solution. We must act now while the ability to miti-
gate the most harmful impacts is still within our grasp. The choice between curbing
climate change and growing our economy is a false one. Instead, we must act on
curbing climate change in order to protect the future economic prosperity of our
Country. Thank you.

Senator CARPER. Madam Chairman, thank you for letting me
give my statement and ask some questions.

I was delayed today because we had a caucus lunch. Part of our
caucus lunch discussion, you would be interested to know, was
about the transportation bill, the 6-year transportation bill au-
thored by Chairman Inhofe, Senator Boxer, Senator Vitter and my-
self which I think is going to be well received. We are excited about
that. We had a discussion about that and I got here a little late
and I apologize for that.

I like to joke around a bit and I thought I was going to come in
and say I had taken a call from the Pope but I am not Catholic
and he rarely calls me. I must say I am impressed with this guy.

I am impressed with him because I think he actually read the
New Testament and has a real commitment to the least of these
in our society. You know, when I was hungry, did you feed me?
When I was thirsty, did you give me drink? When I was naked, did
you clothe me? When I was sick in prison, did you come to visit
me? He gets that and really calls on all of us to do the same.

The other thing that he gets, for those of you familiar with Scrip-
ture, most of you probably more than me, is we have a moral obli-
gation to make sure we have a planet with a decent quality of life.
He believes and a lot of folks believe that there is a real serious
problem here. We have a moral imperative to do something about
it.

We can talk about all these other studies and everything until
the cows come home, but I would have us keep that thought in
mind. Now I have a couple of questions.

First, I ask unanimous consent to submit for the record two
items. One is the latest report from the Lancet and the University
College London Commission on Health and Climate Change enti-
tled Health and Climate Change Policy, Responses to Protect Pub-
lic Health.
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I would also ask unanimous consent to submit the EPA’s peer-
reviewed report entitled Climate Change, the United States Benefit
of Global Action.

Senator CAPITO. Without objection.

[The referenced information follows:]
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Health and climate change: policy responses to protect

public health

Nick Watts, W Neil Adger, Paole Agnolucd, joson Blackstock, Peter Byass, Wenjia Cai, Sarah Chayter, T Colbourn, Mat Colfins, Adam Cooper,;
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Executive summary

The 2015 Lancet Commission on Health and Climate
Change has been formed to map out the impacts of
climate change, and the necessary policy responses, in
order to ensure the highest attainable standards of health
for populations worldwide. This Commission is multi-
disciplinary and international in nature, with strong
collaboration between academic centres in Europe and
China,

The central finding from the Commission’s work is
that tackling climate change could be the greatest global
health opportunity of the 21st century. The key messages
from the Commission are summarised below,
accompanied by ten underlying recommendations to
accelerate action in the next 5 years.

The effacts of climate change are being felt today, and
future projections represent an unacceptably high and
potentially catastrophic risk to human heaith

The implications of climate change for a global
population of 9 billion people threatens to undermine
the last half century of gains in development and global
health. The direct effects of climate change include
increased heat stress, floods, drought, and increased
frequency of intense storms, with the indirect
threatening population health through adverse changes
in air pollution, the spread of disease vectors, food
insecurity and under-nutrition, digplacement, and
mental ill health,

Keeping the global average temperature rise to less
than 2°C to avoid the risk of potentially catastrophic
climate change impacts requires total anthropogenic
carbon dioxide {CO,} emissions to be kept below 2900
biilion tonnes (GtCO,} by the end of the century. As of
2011, total emissions since 1870 were a little over half of
this, with current trends expected to exceed 2900 GtCO,
in the next 15-30 years. High-end emissions projection
scenarios show global average warming of 2-6—4.8°C by
the end of the century, with all their regional
amplification and attendant impacts.

Tackling climate change could be the greatest global
health opportunity of the 21st century

Given the potential of climate change to reverse the
health gains from economic development, and the health
co-benefits thai accrue from actions for a sustainable
economy, tackling climate change could be the greatest

szezyn, Steve Pye, Tara Quinn, My Svensdotter, Sergey Venevsky, Koke Warner, Ring Xu, fun Yang, Yongyuan Yin, Chacging Yu,

global health opportunity of this century. Many
mitigation and adaptation responses to climate change
are “no-regret” options, which lead to direct reductions
in the burden of ilthealth, enhance community
resilience, alleviate poverty, and address global inequity.
Benefits are realised by ensuring that countries are
unconstrained by climate change, enabling them to
achieve better health and wellbeing for their populations.
These strategies will also reduce pressures on national
health budgets, delivering potentially large cost savings,
and enable investments in stronger, more resilient health
systems.

The Commission recommends that over the next 5 years,
governments:

1 lavest in climate change and public health research,
monitoring, and surveillance to ensure a better
understanding of the adaptation needs and the
potential health co-benefits of climate mitigation at
the local and national level.

Scale-up financing for climate resilient health systems
world-wide. Donor countries have a responsibility to
support measures which reduce the impacts of
climate change on human wellbeing and support
adaptation. This must enable the strengthening of
health systems in low-income and middle-income
countries, and reduce the environmental impact of
health care.

Protect cardiovascular and respiratory health by
ensuring a rapid phase out of coal from the global
energy mix. Many of the 2200 coal-fired plants
currently proposed for construction globally will
damage health unless replaced with cleaner energy
alternatives. As part of the transition to renewable
energy, there will be a cautious transitional role for
natural gas. The phase out of coal is proposed as part
of an early and decisive policy package which targets
air pollution from the transport, agriculture, and
energy sectors, and aims to reduce the health burden
of particulate matter (especially PM,;} and short-
lived climate pollutants, thus yielding immediate
gains for society.

Encourage a transition to cities that support and
promote lifestyles that are healthy for the individual
and for the planet. Steps to achieve this include
development of a highly energy efficient building
stock; ease of low-cost active transportation; and
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increased access to green spaces. Such measures
improve adaptive capacity, whilst also reducing urban
poilution, greenhouse gas emissions, and rates of
cardiovascular disease, cancer, obesity, diabetes,
mental illness, and respiratory disease.

Achieving a decarbonised global economy and securing
the public health benefits it offers is no fonger primarily
a technical or economic question—it is now a political
one

Major technical advances have made buildings and
vehicles more efficient and renewable energy sources far
more cost effective. Globally, there is plentiful financial
resource available, however much of it is still being
directed towards the fossil-fuel industry. Bold political
commitment can ensure that the technical expertise,
technology, and finance to prevent further significant
climate change is readily available, and is not a barrjer to
action.

The Commission recommends that over the next 5 years,
governments:
5 Establish the framework for a strong, predictable, and
international carbon pricing mechanism,
6 Rapidly expand access to renewable energy in low-
income and middle-income countries, thus providing
reliahle electricity for communities and health
facilities; uniocking substantial economic gains; and
promoting health equity. Indeed, a global development
pathway that fails to achieve this expansion will come
at a detriment to public health, and will not achieve
long-term economic growth.
Support accurate quantification of the avoided burden
of disease, reduced health-care costs, and enhanced
economic productivity associated with climate change
mitigation. These will be most effective when
combined with adequate local capacity and political
support to develop low-carbon healthy energy choices.

~

The health community has a vital part to play in
accelerating progress to tackle climate change

Health professionals have worked to protect against
health threats, such as tobacco, HIVJAIDS, and polio,
and have often confronted powerful entrenched interests
in doing so. Likewise, they must be leaders in responding
to the health threat of climate change. A public health
perspective hag the potential to unite all actors behind a
common causé—the health and wellbeing of our
families, communities, and countries, These concepts
are far more tangible and visceral than tonnes of
atmospheric CO,, and are understaod and prioritised
across all populations irrespective of culture or
development status.

Reducing inequities within and between countries is
crucial to promoting climate change resilience and
improving global heaith. Neither can be defivered without
accompanying sustainable development that addresses

key health determinants: access to safe water and clean
air, food security, strong and accessible health systems,
and reductions in social and economic inequity. Any
prioritisation in global health must therefore place
sustainable development and climate change front and
centre.

The Commission recommends that over the next 5 years,
governments:

& Adopt mechanisms to facilitate collaboration
between Ministries of Health and other government
departments, empowering health professionals and
ensuring that health and climate considerations are
thoroughly  integrated in  government-wide
strategies. A siloed approach to protecting human
heaith from climate change will not work. This must
acknowledge and seek to address the extent to which
additional global environmental changes, such as
deforestation,  biodiversity loss, and ocean
acidification, will impact on human health and
decrease resilience to climate change.

Agree and implement an international agreement
that supports countries in transitioning to a low-
carbon economy. Whilst the negotiations are very
complex, their goals are very simple: agree on
ambitious and enforceable glohal mitigation targets,
on adaptation of finance to protect countries’ rights to
sustainable development, and on the policies and
mechanisms that enable these measures. To this end,
international responsibility for reducing greenhouse
gas emissions is shared: interventions that reduce
emissions and promote global public health must be
prioritised irrespective of national boundaries,

-3

Responding to climate change could be the greatest
global health opportunity of the 21st century.

To help drive this transition, the 2015 Lancet

Commission on Health and Climate Change wilk:

10 Develop a new, independent Countdown to 2030:
Global Health and Climate Action, to provide expertise
in implementing policies that mitigate climate change
and promote public health, and to meonitor progress
over the next 15 years. The Collaboration will be led
by this Commission, reporting in The Lancet every
2 years, tracking, supporting, and communicating
progress and success along a range of indicators in
global health and climate change

Introduction

in 2009, the UCL~Lancet Commission on Managing the
Health Effects of Climate Change called climate change
“the biggest global heaith threat of the 21st century”.'
6 years on, a new multidisciplinary, international
Commission reaches the same conclusion, whilst adding
that tackling climate change could be the greatest global
opportunity of the 21st century.
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use and human agricultural practice, GHG emissions
have steadily dimbed since the industrial revolution.*
CO, remains in the atrnosphere for a long time, with a
part remaining for thousands of years or longer* As a
result, atmospheric GHG concentrations have risen
steeply in the industrial age, those of CO, reaching more
than 400 parts per million (ppm) in 2014, for the first
time since humans walked the planet. Every additional
ppm is equivalent to about 7.5 billion tonnes of

The Commission represents a collaboration between
European and Chinese climate scientists and geographers,
social and environmental scientists, biodiversity experts,
engineers and energy policy experts, economists, political
scientists and public policy experts, and health
professionals—all seeking a response to climate change
that is designed ta protect and promiote human health.

The physical basis

The Intergovernmental Panel on Climate Change (IPCC}
has described the physical basis for. the impacts of, and
the response options to climate change.? In brief, short-
wave solar radiation passes through the Earth's
atmosphere to warm its surface, which emits longer
wavelength  (infrared) radiation. Greemhouse gases
{GHGsj) in the atmosphere absorb this radiation and re-
emit it, sharing it with other atmospheric elements, and
with the Earth below. Without this effect, surface
temperatures would be more than 30°C lower than they
are today’ One such GHG is carbon dioxide {CO,),
primarily released when fossil fuels (ie, oil, coal, and
natural gas) are burned. Others, such as methane (CH,}
and nitrous oxide {N,0}, are generated through fossil-fuel

atmospheric CO,*”

In view of their proven physical properties, such rising
concentrations must drive a net positive energy balance,
the additional heat distributing between gaseous
atmosphere, land surface, and ocean. The IPCC's 2014
report confirms that such global warming, and the role of
human activity in driving it, are unequivocal. The oceans
have absorbed the bulk {90% or more} of this energy in
recent years and ocean surface temperatures have risen.t
However, temperatures at the Earth’s surface have also
risen, with each of the last three decades being successively
warmer than any preceding decade since 1850. Indeed,
2014 was the hottest year on record. Overall, the Earth
{global average land and ocean temperature} has warmed
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by some 0-85°C between 1880 and 2012.* Arctic sea ice is
disappearing at a rate of up to 50000 km? per year, the
Antarctic ice sheet is now losing 159 billion tonnes of ice
each year, and sea levels are rising inexorably.*

Much of past emissions remain in the atmosphere and
will drive continued warming in the future. GHG
concentrations in the atmosphere are continuing to rise
at a rate that is incompatihle with limiting warming to
2°C in the coming 35 years {by 2050}, and which exceeds
the IPCC’s “wotst case scenarjo”.* We are on track for a
global average temperature rise of more than 4°C above
pre-industrial temperatures in the next 85 years, at
which point global temperature will still be increasing
by roughly 0-7°C per decade {due to the lag in reaching
equilibrium). This distribution will not be even: the so-
called polar amplification phenomena might cause
temperatures in parts of the Arctic to increase by 11°C in
this timeframe.*

The health impacts of climate change

The resuitant climate change poses a range of threats to
human health and survival in multiple, interacting ways
{figure 1). Impacts can be direct {eg, heatwaves and
extreme weather events such as a storm, forest fire,
flood, or drought) or indirectly mediated through the
effects of climate change on ecosystems (eg, agricuitural
losses and changing patterns of disease}, ecanomies,
and social structure {eg, migration and conflict}. After
only 0-85°C warming, many anticipated threats have
already become real-world impacts. Table 1 summarises
the evidence attributing climate change to specific
extreme weather events, outlining the role that climate
change is playing in the present day (2013). It
demonstrates increaging certainly that climate change
significantly alters the probability of extreme weather,
most often in directions that have dangerous heaith
consequences.
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Some population groups are particularly vulnerable to
the health effects of climate change, whether because of
existing socioeconomic inequalities, cultural norms, or
intrinsic physiological factors. These groups include
women, young children and older people, people with
existing heaith problems or disabilities, and poor and
marginalised communities. Such inequalities are often
also present in relation to the causes of climate change:
women and children both suffer the majority of the health
impacts of indoor air pollution from inefficient cookstoves
and kerosene lighting, and so mitigation measures can
help to reduce existing heaith inequities such as these.

Non-linearities, interactions, and unknown
unknowns

The magnitude and nature of health impacts are hard to
predict with precision; however, it is clear that they are
pervasive and reflect effects on key determinants of
health, including food availability, There are real risks
that the effects will become non-linear as emissions and
global temperatures increase, First, large-scale
disruptions to the climate system are not included in
climate modelling and impact assessments.® As we
proceed rapidly towards 4°C warming by the end of the
century, the likelihood of crossing thresholds and tipping
points rises, threatening further warming and accelerated
sea-level rise. Second, small risks can interact to produce
larger-than-expected chances of catastrophic outcomes,
especially if they are correlated {panel 1},#*

Such impacts {and their interactions) are unlikely to be
trivial and could be sufficient to trigger a discontinuity in
the long-term progression of humanity® Whilst the
poorest and most vulnerable communities might suffer
first, the interconnected nature of climate systems,
ecosystems, and global society means that none will be
immune. Iindeed, on the basis of current emission
trajectories, temperature rises in the next 85 years may
be incompatible with an organised global community.”

The health co-benefits of emissions reduction
Acting to reduce GHG emissions evidently protects
human health from the direct and indirect impacts of
climate change. However, it also benefits human health
through mechanisms quite independent of those relating
to modifying climate risk: so-called health co-benefits of
miligation.”

Reductions in emissions {eg, from burning fossil fuels)
reduce air pollution and respiratory disease, whilst safer
active transport cuts road traffic accidents and reduces
rates of obesity, diabetes, coronary heart disease, and
strole, These are just some of the many health co-benefits
of mitigation, which often work through several causal
pathways via the social and environmental determinants
of health. Protecting our ecosystems will create the
wellbeing we gain from nature and its diversity.®

Affordable renewable energy will also have huge benefits
for the poarest. WHO found that in 11 sub-Saharan African

three very Onfikely; thh extr
fourth vanabie, i

:unmztlgatedchmate change arethe onesthatareoﬂe mosttmpcrtantfor uma heait i

countries, 26% of health facilities had no energy at all and
only 33% of hospitals had what could be called “reliable
electricity provision”, defined as no outages of more than
2 h in the past week.™ Solar power is proposed as an ideal
alternative energy solution, providing reliable energy that
does not harm cardiovascular or respiratory health in the
same way that diesel generators do. Clean cookstoves and
fuels will not only protect the climate from black carbon {a
very short-lived climate pollutant), but also cut deaths from
household air poliution—a major killer in low-incorme
countries. Buildings and houses designed to provide better
insulation, heating efficiency, and protection from extreme
weather events will reduce heat and cold exposure, disease
risks from mould and allergy, and from infectious and
vector-borne diseases.”

Many other co-benefits exist across different sectors,
from agriculture to the formal health system, The cost
savings of the health co-benefits achieved by policies to
cut GHG emissions are potentially large. This is
particularly important in a context where health-care
expenditure is growing relative to total government
expenditure globally. The health dividend on savings
must be factored into any economic assessment of the
costs of mitigation and adaptation. The poorest people
are also most vuinerahle to climate change, meaning that
the costs of global development will rise if we do nothing,
and poverty alleviation and sustainable development
goals will not be achieved.
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This Commission

6 years ago, the first Lancet Commission cafled climate
change “the biggest giobal health threat of the 21st
century”.! Since then, climate threats continue to become
a reality, GHG emissions have risen beyond worst-case
projections, and no international agreement on effective
action has been reached. The uncertainty around
thresholds, interactions and tipping points in climate
change and its heaith impacts are serious enough to
mandate an immediate, sustained, and globally
meaningful response.

This report further examines the evidence of threat,
before tabling a prescription for both prevention and
symptom management. We begin in section 1 by re-
examining the causal pathways between climate change
and human health, before offering new estimates of
exposure to climate heaith risks in the coming decades.
The changes in the spatial distribution of populations,
and their demographic structure over the coming
century, will put more people in harm’s way.

Given that the world is already locked in to a significant
rise in global temperatures {even with meaningful action
to reduce GHG emissions}, section 2 considers measures
that must be put in place to help lessen their unavoidable
health impacts. Adaptation strategies are those that
reduce vulnerability and enhance resilience—ie, the
capacity of a system to absorb disturbance and re-
organise—so as to retain function, structure, identity,
and feedbacks.® We identify institutional and decision-
making challenges related to uncertainty, multicausal
pathways, and complex interactions between social,
ecological, and economic factors. We also show tangible
ways ahead with adaptations that provide clear nio-regret
options and co-benefits for food security, human
migration and displacement, and dynamic infectious
disease rigks,

Symptomatic intervention and palliation must,
however, be accompanied by immediate action to address
the cause of those symptoms: the epidemiology and
options for scaling up low-carbon technologies and
technical responses are discussed in section 3, in addition
to the necessary measures required to facilitate their
deployment. This section also explores the health
implications of various mitigation options, with
particular attention to those which both promote public
health and mitigate climate change.

Transformation to a global low-carbon economy
requires political will, a feasible plan, and the requisite
finance. Section 4 examines the financial, economic, and
policy options for decarbonisation. The goal of mitigation
policy should be to reduce cumulative and annual GHG
emissions. Early emissions reduction will delay climate

opportunity for evolutionary and revolutionary new
technologies to develop, commercialise, and deploy is
also held open for longer.

In section 5, we examine the political processes and
mechanisms that might play a part in delivering a low-
carbon economy. Muitiple levels are considered,
including the global response {the UN Framework
Convention on Climate Change), national and
subnational {cities, states, and provinces) policy, and the
role of individuals. The interaction between these
different levels, and the lessons learnt from public health
are given particular attention.

Finally, in section 6 we propose the formation of an
international Countdown to 2030: Glohal Health and
Climate Action. We outline how an international,
multidisciplinary coalition of experts should monitor and
report on; the health impacts of climate change; progress
in policy to reduce GHG emissions, and synergies used
to promote and protect heaith; and progress in health
adaptation action to reduce population vulnerability to
build climate resilience and to implement climate-ready
low-carbon health systems. A Countdown process would
complement rather than replace existing 1PCC reports,
and would bring the full weight and voice of the health
and scientific communities to this critical population
health challenge.

Section 1; climate change and exposure to
health risks

No region is immune from the negative impacts of climate
change, which will affect the natural world, economic
activities, and human health and wellbeing in every part of
the world* There are already observed impacts of climate
change on health, directly through extreme weather and
hazards and indirectly through changes in land use and
nutrition. Lags in the response of the climate system to
historical emissions means the world is committed to
significant warming over coming decades.

All plausible futures resulting from realistic anticipated
emissions trajectories expose the global population to
worsening health consequences. In 2014, WHO estimated
an additional 250000 potential deaths annually between
2030 and 2050 for well understood impacts of climate
change. WHO suggest their estimates represent lower
bound figures because they omit important causal
pathways. The effects of economic damage, major
heatwave events, river flooding, water scarcity, or the
impacts of climate change on human security and
conflict, for example, are not accounted for in their global
burden estimates.” Without action to address continued
and rising emissions, the risks, and the number of people
exposed to those risks, will likely increase significantly.

disruption and reduce the overall cost of ab by
avoiding drastic and expensive last-minute action.
Immediate action offers a wider range of technological
options, allows economies of scale and prospects for
learning, and will reduce costs over time. The window of

WHO emph that the importance of the interactions
between climate change and many other trends affecting
public health, stressing the need for interventions
designed to address climate change and poverty—two key
drivers of ill health.” Similarly, the authors of the IPCC
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assessment of climate change on health emphasise that
the health impacts become amplified over time.”

This report provides new insights into the potential
exposure of populations, showing that when demographic
trends are accounted for, such as ageing, migration, and
aggregate population growth, the populations exposed to
climate change that negatively affect heaith risk are more
seriously affected than suggested in many global
assessments. It involves new analysis on specific and
direct climate risks of heat, drought and heavy
precipitation that directly Iink climate change and
wellbeing, The number of people exposed to such risk is
amplified by social factors: the distribution of population
density resulting from urbanisation, and changes in
population demographics relating to ageing.

Thus, human populations are likely to be growing,
ageing, and migrating towards greater vulnerability to
climate risks. Such data emphasise the need for action to
avoid scenarios where thresholds in climate greatly
increase exposure, as well as adaptation fo protect
populations from consequent impacts.

How climate affects human health
Mechanisms linking climate and health
The principal pathways linking climate change with
health outcomes are shown in figure 2, categorised as
direct and indirect mechanisms that interact with social

dynamics to produce health outcomes. All these risks
have social and geographical dimensions, are unevenly
distributed across the world, and are influenced by social
and economic development, technology, and health
service provision. The IPCC report documents in
expansive detail the scientific knowledge on many
individual risks.” Here, we discuss how these risks could
change globally as a result of a changing climate and of
evolving societal and demographic factors.

Changes in extreme weather and resultant storm, flood,
drought, or heatwave are direct risks. Indirect risks are
mediated through changes in the biosphere {eg, in the
‘burden of disease and distribution of disease vectors, or
food availability}, and others through social processes
{leading, for instance, to migration and conflict). These
three pillars, shown in figure 2, interact with one another,
and with changes in land use, crop yield, and ecosystems
that are being driven by global development and
demographic processes. Climate change will limit
development aspirations, inciuding the provision of
health and other services through impacts on national
economiies and infrastructure, It will affect wellbeing in
material and other ways. Climate change will, for example,
exacerbate perceptions of insecurity and influence aspects
of cultural identity in places directly affected.”

Thus, in figure 2, climate risks might be both amplified
and medified by social factors. The links between food
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production and food security in any country, for instance,
are strongly determined by policies, regulations and
subsidies to ensure adequate food availability and
affordable prices.” Vulnerabilities thus arise from the
interaction of climatic and social processes. The
underpinning science shows that impacts are unevenly
distributed, with greater risks in less developed countries,
and with specific subpopulations such as poor and
marginalised groups, people with disabilities, the elderly,
women, and young children bearing the greatest burden
of risk in alf regions.”

In many regions, the consequences of lower socio-
economic status and cultural gender roles combine to
increase the health risks that women and girls face as a
result of climate change relative to men and boys in the
same places, although the converse might apply in some
instances. Whilst in developed countries, males comprise
approximately 70% of flood disaster fatalities {across
studies in which sex was reported), the converse is
generally true for disaster-related health risks in
developing country settings, in which the overall impacts
are much greater.™* For example, in some cultures
women may be forbidden from leaving home
unaccompanied, are less likely to have learnt how to
swim, and may have less political representation and
access to public services, Additionally, women'’s and girls’
nutrition tends to suffer more during periods of climate-
related food scarcity than that of their male counterparts,
as well as starting from a lower baseline, because they are
often last in household food hierarchies.”

Direct mechanisms and risks: exposure to warming and
heatwaves

While societies are adapted to local climates across the
world, heatwaves represent a real risk to vulnerable
populations and significant increases in the risks of

extreme heat are projected under all scenarios of climate
change.” On an individua} basis, tolerance to any change
is diminished in those whose capacity for temperature
homoeostasis is limited by, for example, extremes of age
or dehydration, There is a well-established relationship
between extreme high temperatures and human
morbidity and mortality.® There is also now strong
evidence that such heat-related mortality is rising as a
result of climate change impacts across a range of
localities.”

Evidence from previous heatwave events suggests that
the key parameters of muortality risk incdude the
magnitude and duration of the temperature anomaly and
the speed of temperature rise, The risks are culturally
defined, even temperate cities experience such mortality
as it is deviation from expectations that drives weather-
related risks. This is especially true when hot periods
occur at the beginning of summer, before people have
acclimatised to hotter weather® The incidence of
heatwaves has increased in the past few decades, as has
the area affected by them .

The most severe heatwave, measured with the Heat
Wave Magnitude Index, was the summer 2010 heatwave
in Russia.® More than 25000 fires over an area of
1.1 million hectares? raised concentrations of carbon
monoxide, nitrogen oxides, aerosols, and particulates
(PM,) in European Russia. The concentration of
particulate matter doubled from its normal level in the
Moscow region in August, 2010, when a large smoke
plume covered the entire capital.” In combination with
the heat wave, the air pollution increased mortality
between July and August, 2010, in Moscow, resulting in
more than 11000 additional deaths compared with July to
August, 2009.% Projections under climate scenarios show
that events with the magnitude of the Russian heatwave
of 2010 couid have become much more common and
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with high-end climate scenarios could become almost
the summer norm for many regions.™*

Rising mean temperatures mean that the incidence of

cold events is likely to diminish, The analysis here
focuses on the heat-related element because the health
benefits of reductions in cold are not established. Whilst
there is an increase in deaths during winter periods in
many climates, the mechanisms responsible for this
increase are not easily delineated. Most winter-related
deaths are cardiovascular, yet the link between
temnperature and cardiovascular mortality rates is weak.
There is a stronger link between respiratory deaths and
colder temperatures but these account for a smaller
percentage of winter deaths.®

The impact of cold temperatures can be measured
considering seasonal means, extreme cold spells, and
relative temperature changes. Seasonal means and
extreme cold spells (or absolute temperature} have
relatively small or ambiguous relationships with
numbers of winter deaths, however temperature cooling

relative to an area's average temperature does more
clearly correlate with mortality rates.““ There may be
modest reductions in cold-related deaths; however, these
reductions will be largely outweighed at the global scale
by heat-related mortality.® Whilst climate change will
have an impact on cold-refated deaths, particularly in
some countries with milder climates, the overall impact
is uncertain.®®

Papulation growth, urbanisation trends, and migration
patterns mean that the numbers exposed to hot
temperature extremes, in particular, will increase, with
major implications for public health planning. Urban
areas will expand: urban land cover is projected to triple
by 2030 from year 2000 levels.” Many assessments of
climate risks, including those for heat, da not consider
the detail of demographic shifts, in effect, overlooking
the location of vulnerable populations as a part of the
calculus. We have produced models that consider both
climate and population projections. We use Shared
Socioeconamic Pathway {SSF) population projections to
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calculate future demographic trends alongside Coupled
Model Intercomparison Project Phase 5 {CMIP5} climate
models {as used in the IPCC Sth Assessment report) and
projected emission pathways {so-called Representative
Concentration Pathways [RCPs}}.”* Appendix 1 outlines
assumptions, together with the data and the climate and
population scenarios used to estimate the scale of various
health risks for the 21st century, shown in figures 3-7.
The projected global distribution of changes in heat in
the coming decades is shown in figure 3A using the high-
emission projections of RCP85, as explained in
appendix 1. This focuses on summer temperatures, hence
the graph represents the summer months for both the
northern {june to August) and southern (December to
February) hemispheres. Climatic impact will not be
experienced uniformly across the globe. At such levels of
warming, the return period of extreme heat events, such
as those experienced in 2003 in western Europe, is
significantly shortened. Figure 3B makes clear that future
health risks arising from exposure to warming {measured
as the mean temperature increase experienced by a

person) might also be extensively driven by demographics,
shown as the divergence between red and blue lines
driven by different warming and population scenarios
across the incoming decades. In other words, population
change in areas of the world where population growth is
significant, fundamentally affects the increase in numbers
of people exposed to the impacts of climate change.

Whilst hotter summers increase vulnerability to heat-
related morbidity, heatwaves in particular have a negative
impact on heaith. Figure 4 re-analyses projections from
the latest climate models {the CMIPS models as used in
the IPCC Sth Assessment report) in terms of the number
of exposure events per year for heatwaves. Heatwaves here
are defined as 5 consecutive days of daily minimum night-
time temnperatures more than 5°C greater than the
presently observed patterns of daily minimums. Although
heatwaves have different characteristics, this definition
focuses on health impacts based on deviation from normal
temperature, duration, and extent.

Elderly populations are especially vulnerable to
heatwaves, and demographic and climatic changes will
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combine to shape population heatwave vulnerability in
coming decades (figure 4).¥ We use populations
projected over 65 years of age rather than a frailty index,
recognising the underlying health of elderly populations
and the cultural context of ageing are both likely to
change over time’ Educational levels and other
demographic factors are also important in the ability of
societies to cope with extreme events.” Allewing for
these caveats, figure 4D shows growing exposure in
global projections of the number of people older than
65 years exposed to heatwave risks. The numbers of
events of elderly people experiencing high temperatures
reaches more than 3 billion towards the end of the
century. A key message is that demographic change
added to climate chanpges will expose increasing
numbers of elderly people to increasing numbers of
heat waves, especially in the developed and transition
economies.

Heat also poses significant risks to occupational health
and lahour productivity in areas where people work
outdoors for long hours in het regions.* Heavy labour in

hot humid environments is a particular health and
economic risk to millions of working people and their
families in hot tropical and sub-tropical parts of the
world.® These have been documented in young and
middle-aged men in France 2003, agricultural workers
in the USA® and sugarcane harvesters in Central
America” The Climate Vulnerability Monitor 2012
estimated the annual costs in China and India at
US3450 billion in 2030. The percentage of GDP losses
due to increasing workplace heat is greater than the
current spending on health systems in many low-income
and middle-income countries.*

Impacts of heat on labour productivity will be
compounded in cities by increased urbanisation and the
corresponding heat island effect, but will also be offset by
reductions in populations working outdoors in sectors
{eg, construction and agriculture).* Tolerance to any
given termperature will be influenced by humidity, which
alters the capacity for thermoregulation through the
evaporation of sweat. These measures are combined in
an index known as wet-bulb globe temperature (WBGT),
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used to determine how long an individual can work
before a break, with work capacity falling substantially
after WBGT 26-30°C.»

Using projections from RCP85 and SSP2, figure §
estimates the extent of lost labour productivity {on lhe
hasis of the response function between temperature and
productivity used by Dunne et al, 2012%} across the coming
decades, focusing on proportion of the labour force in
rural and urban areas. Again the impact of climate change
is greater in regions such as sub-Saharan Africa and India.
But some trends offset the potential impact, including the
trend towards employment in service and other sectors
where exposure is reduced {assumed in the SSP2 used
here; figure 5C, D). As demographic trends towards urban
settlement and secondary and tertiary sector employment
progress, increasing urbanisation may reduce the negative
impacts of warming on total outdoor labour productivity,
depending on the population scenario {SSP2 in figure SD}.

Loss of agricultural productivity through impaired
labour will be amplified by direct climate change impacts
on crop and livestock production® The impact of
increasing temperatures on labour productivity can be
mitigated—eg, by use of air conditioning or by altering
working hours. However, these actions are predicated on
affordability, infrastructure, the suitability of a job to
night labour, and energy availability.”

Indirect and complex mechanisms finking climate
change and health
Most climate-related health impacts are mediated through
complex ecological and social processes. For risks
associated with transmission vectors and water, for
example, rising temperatures and changes in precipitation
pattern alter the viable distribution of disease vectors
such as mosquitoes carrying dengue or malaria. Climate
conditions affect the range and reproductive rates of
malarial mosquitoes and also affect the lifecycle of the
parasitic protozoa responsible for malaria. The links
between climate change, vector populations and hence
malarial range and incidence may become significant in
areas where the temperature is currently the limiting
factor, possihly increasing the incidence of a disease that
causes 660000 deaths per year™ In some highland
regions, malaria incidence has already been linked to
warmer air temperatures aithough successful control
measures in Africa have cut the incidence of malaria in
recent decades, and there are long established successes
of managing malaria risk in temperate countries
induding in southern USA and in Europe.®™ There are
equally complex relationships and important climate-
related risks associated with dengue fever, cholera and
food safety. " Dengue fever for example has 390 million
recorded infections each year, and the number s rising.“”
Changing weather patterns are also likely to affect the
incidence of diseases transmitted through infected water
sources, either through contamination of drinking water
or by providing the conditions needed for bacterial

growth.” Cholera is transmitted through infected water
sources and often occurs in association with seasonal
algal blooms with outbreaks sometimes experienced
following extreme weather events such as hurricanes
that result in the mixing of wastewater and drinking
water, and in association with El Nifio events.” Such
extremne weather events are likely to increase in frequency
in the coming decades and waterborne epidemics need
to be planned for and monitored carefully.

In effect, all health outcomes linked to climate variables
are shaped by economic, technological, demographic, and
governance structures. Institutions and social norms of
behaviour and expectation will play a significant part in
how new weather patterns impact health.*” Changes in
temperature, precipitation frequency, and air stagnation
also affect air pollution levels with significant risks to
health. Climate affects poliution levels through pollutant
formation, transport, dispersion, and deposition. In total,
fine particulate air pollution is estimated to be responsible
for 7 million additional deaths globally in 2012, mainly due
to respiratory and cardiovascular disease.™ Its effect is
amplified by changes in ambient temperature, precipitation
frequency, and air stagnation—all crucial for air pollutant
formation, transport, dispersion and deposition,

Ground-level ozone {(GLO) and particulate air pollutants
are elements that will be most affected by climate change.
Whilst the net global effect is unclear, regional variation
will see significant differences in local exposure.”™ GLO is
more readily created and sustained in an environment
with reduced cloudiness and decreased precipitation
frequency, but especially by rising temperatures.” Thus,
ozone levels were substantially elevated during the
European heatwave of sumnmer 2003.™ Climate change is
predicted to elevate GLO levels over large areas in the
USA and Europe, especially in the summer, allhough the
background of GLO in the remote areas shows a decreased
trend,”™* In the USA, the main impact of future climate
change on GLO is centred over the northeast and mid-
west where the future GLO are expected to increase by
2-5 ppbv {about 3~7%} in the next 50-90 years under the
IPCC Al scenario.™ Knowlton and colleagues estimated
that ozone-related acute mortality in the USA would rise
by 4.5% from 1990 to 2050, through climate change
alone ™ Likewise, climate change is predicted to increase
concentrations of fine particulate matter (2.5 micron
particles [PM,,]) in some areas.®*

The interactions between air pollution and climate are
highly differentiated by region. In China. for example, the
interactions between climate and a range of pollutants is
especially acute. While action on carbon emissions
dominate energy policy in China, climatic changes will
have a significant impact on air poflutants in all regions
of the country.** Chinese ozone concentrations in 2050
have been projected to likely increase beyond present
levels under many climate scenarios through the
combined effects of emissions and climate change. The
greatest rises will be in eastern and northern China®
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Compared with ozone, PM,; levels rely more on changes
in emissions than temperature. The concentrations of
§0.2, black carbon and organic carbon are projected to
fall, but those of NO;to rise, across China under many
possible climate futures™ Levels of aerosols (especially
NO;} in the eastern Chinese spring will be especially
affected by 2030. Falling emissions would reduce overall
PM,; concentrations by 1-8 pg/m3in 2050 compared with
those in 2000 despite a small increase (10-20%)} driven by
climate change alone.* Although emission changes play a
key part in projections, climate-driven change should not
be ignored if warming exceeds 2°C. PM,, is sensitive to
precipitation and monscon changes and globat warming
will alter Chinese precipitation seasonally and regionaily,
thereby changing the regional concentration of PM,,™**
Independent of climate change, China’s air polution has
already come at great cost, with an annual poliution-
related mortality of 121 million in 2010."

Climate change has important implications for
livelihoods, food security, and poverty levels, and on the
capacity of governments and health systems to manage
emerging health risks. Crops and livestock have
physiological limits to their health, productivity, and
survival, which include those related to temperature, For
every degree greater than 30°C, the productivity of maize
production in Africa might be reduced by 1% in optimum
conditions and 1.7% in drought, with a 95% chance of
climate change-related harm o the production of South
African maize and wheat in the absence of adaptation.*

Sensitivity of crops and livestock to weather variation
has a substantial impact on food security in regions that
are already food insecure, pushing up food prices and
ultimately affecting food availability and affordability to
poor populations and contributing to malnutrition.®
This effect is amplified by polices on food stocks,
reactions to food prices by producer countries, and by the
global demand for land to hedge against climate shifts.
The increased volatility of the global food system under
climate change has impacts on labour, on farmer
livelihoods and on consumers of food, with attendant
health outcomes for all these groups.®

Within this complex relationship between climate and
food security, the availability of water for agricultural
production is a key parameter. Figure 6 shows very
significant changes in exposure to droughtlike
meteorological conditions over the coming decades. The
analysis shows that the population changes (from SSP2}
alongside climate change could lead to 1-4 billion
additional person drought exposure events per year by the
end of the century. importantly, the geographical
distrihution of this exposure is highly localised and
variable {eg, across Asia and Europe), acutely degrading
water supply and potentially quality. But ail such estimates
focus on availability of surface water, whereby both long-
term water availability and supply for specific regions are
also affected by groundwater resources, which have been
shown to be in a critical state in many regions.””
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Increased frequency of floods, storm surges, and
hurricanes will have a substantial effect on health.
Extreme events have immediate risks, exemplified by
more than 6000 fatalities as a result of typhoon Haiyan in
the Philippines in late 2013. Floods also have long-term
and shortterm effects on wellbeing through disease
outbreaks, mental health burdens, and dislocation.”

Risks related to water shortages, flood, and other
mechanisms involve large populations. Projections
suggest, for example, that an additional 50 million people
and 30000 km? of land could be affected by coastal storm
surges in 2100, with attendant risks of direct deaths and
of infectious diseases.” Involuntary displacement of
populations as a result of extreme events has major
public health and policy consequences, In the longer
term, flooding affects perceptions of security and safety,
and can cause depression, anxiety, and post-traumatic
stress disorder.”*

Figure 7 shows estimates of extreme precipitation
events {events exceeding 10 year return period) under
the RCP8.5 {high-emission) scenario. We estimate that
there would be around 2 billion additional extreme
rainfall exposure events annually {individuals exposed
once or multiple times during any year), partly due to
population growth in exposed areas and partly due to
the changing incidence of extreme events associated
with climate change. Whilst not all extreme rainfall
cvents transtate into floods, such extreme precipitation
will inevitably increase flood risk. Regions of large
population growth dominate changes in the number
exposed to flood risk {especially in sub-Saharan Africa
and South Asia).”

All these climate-related impacts are detrimental to the
security and welibeing of populations around the world.
Whilst there is, as yet, no definitive evidence that climate
change has increased the risk of violent civil conflict or
war between states, there are reasons for concern. The
IPCC concludes that climate change will directly affect
poverty, resource uncertainty and volatility, and the ability
of governments to fulfil their obligations to protect
settlements and people from weather extremes."* These
factors are important correlates of violent conflict within
states, suggesting that climate change is detrimental to
peaceful and secure development, even if they do not
directly enhance conflict risks.” Similarly, migration has
significant complex consequences for human security.
The continued movement of migrant populations into
cities, the potential for climate hazards in high-density
coastal mega-cities, and impaired air quality create
significant public health challenges, not least for
migrants themsgelves, ®*!

The direct and indirect effects of climate change
outlined here represent significant risks for human
heaith. The precautionary case for action is amplified
with three additional dimensions: (1) interventions to
adapt to evolving climate risks as discussed in section 2
might not be as effective as required; {2) unforeseen
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interactions and amplifications of climate risks are
possible {eg. emerging zoonotic and other diseases being
affected through complex ecological changes, covered in
more detail in the Lancet Commission on Planetary
Health); (3) the risk that tipping elements in the climate
system could rapidly accelerate climate change at
regional or global scale. Lags in warming and climate
impacts mean that irrespective of the mitigation pathway
taken, many impacts and risks will increase in the
coming decades.

Section 2: action for resilience and adaptation
Adaptation measures are already required to adapt to the
effects of climate change being experienced today. As
shown in section 1, these risks will increase as worsening
climate change affects more people, especially in highly
exposed geographical regions and for the most vulnerable
members of society.

This section outlines possible and necessary actions to
limit the negative impacts and burden on human health,
including direct and indirect impacts within and beyond

(rediine) ar {blue tine) papulation chang

the formal health system. Responses aim to reduce the
underlying vulnerability of populations; empower actors
to cope or adapt to the impacts; and whenever possible
support longer-term development. The health sector has
a central part to play in leading climate change adaptation
and resilience efforts.**® However, effective adaptation
measures must cross multiple societal sectors, identify
ways to overcome barriers to achieve co-benefits, and
target vulnerable groups and regions.

Early action to address vuinerability allows for more
options and fAexibility before we face indispensable and
involuntary adaptation.™" Panel 2 provides definitions
of vulnerability, adaptation, and resilience.

Adaptation to the direct health impacts of climate
change

The direct health impacts result from extreme weather
events such as storms, floods, droughts, and heatwaves.
Many responses centre on the importance of health
system strengthening; however, actions in other sectors
are also needed.

www thefancet.com Published onfine june 23, 2015 http://dx.doi.org/10.1016/50140-6736{15)60854-6



117

The Lancet Commissions

Early warning systems for extreme events

Approaches to the health management of extreme
weather events involve improved early warning systems
{EWS), effective contingency planning, and identification
of the most vulnerable and exposed communities,™
They include forecasting, predicting possible health
outcomes, triggering effective and timely response
plans, targeting vulnerable populations, and
communicating prevention responses. Public health
authorities need to upgrade existing emergency
programmes and conduct exercises to enhance
preparedness for anticipated health risks due to new
extreme events such as sea level rise, saline water
intrusion into drinking water courses, and severe
flooding from storm surges. These efforts to improve
disaster preparedness must also run in paraliel with
efforts to strengthen local community resilience.

Actions to reduce burdens of heatwaves
The frequency, intensity, and duration of extreme heat
days and heatwaves will increase with climate change,
leading to heat stress and increased death rates (see
section 1). The effects are worsened by the so-cailed
urban heat island effect, which resuits from greater heat
retention of buildings and paved surfaces, compared
with reflective, transpiring, shading, and air-flow-
promoting  vegetation-cavered  surfaces.  Evidence
suggests that effective adaptation measures would reduce
the death rates associated with these heat waves. The
2003 European heatwave, which killed up to 70000 peaple
led France ta introduce a heatwave warning system and a
national action plan.™ Health worker training was
modified, urban planning altered, and new public health
infrastructure developed. The 2006 heatwave suggested
that these measures had been effective, with 4400 fewer
anticipated deaths,™

Adaptation options within health care include training
of health-care workers and integrated heatwave eatly
warning systems (HEWS), especially for the most
vulnerable populations.™™ Adaptation measures also
include increasing green infrastructures and urban
green spaces, improving the design of social care
facilities, schools, other public spaces, and public
transport to be more climate-responsive,™™ This also
entails mitigating effort to reduce air pollutants, which in
turn reduces air quality related morbidity and mortality,™

Floods and storms

In general, adaptive measures to floods can be classified
as structural or non-structural. Infrastructure such as
reservoirs, dams, dykes, and floodways can be used to
keep flooding away from people and property. In some
areas there is aiso the possibility to incorporate floodable
low-lying areas into the urban design that can be
temporarily under water during an extreme event.
Structural programmes are considered by many flood
managers as a priority and are also the principal source

“Panel 2 ulnembshby, ada‘ptahon, and resnhence S
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of funds for efforts to control foods. However, the
construction of flood control works may have a
maladaptive effect, encouraging more rapid economic
development of the flood plains, and hence ultimately
increasing flood losses.™

Adaptation to flood risk requires comprehensive
approaches {panel 3). Non-structural measures include
flood insurance, development policies, zoning laws,
flood-plain regulations, building codes, flood proofing,
tax incentives, emergency preparedness, flood fore-
casting, and post-flood recovery.™* Non-structural flood
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adaptation options aim to reduce flood damages and
enhance the ecological functions of flood plains. Many
opportunities to increase resilience to extreme weather
events are found in improved planning, zoning, and the
management of land use. These have the additional
advantage of providing multiple co-benefits (see
ecosystemn-based adaptation below).

Action for resilience to indirect impacts

Adaptation to indirect effects poses difficult challenges to
policy making due to complex causal chains and limited
predictibility.”® These complex interactions can resuit in
“surprises”—situations in which the behaviour in a
systern, or across systems, differs qualitatively from
expectations or previous experiences, These indirect
impacts pose serious obstacles for climate adaptation,
especially where health responses require integrated and
cross-sectoral interventions.”

Food insecurity

Food insecurity and its health impacts play out at the local
level, but have clear links to drivers and changes at the
national and international level, The compounded
impacts of climate change and ocean acidification will
affect both agricultural production and fisheries,
including food availability and prices.”” “* Adaptation
policies should consider agro-food systems and fisheries
and aquaculture alike.

Resilience to increased food insecurity and price
volatility is of great importance to human health. Food
security could be enhanced while simultaneously
ensuring the long-term ability of ecosystems to produce
multiple benefits for human wellbeing {panel 4). Issues
such as improved local ecosystem stewardship (see
section on ecosystem-based adaptation), good
governance, and international mechanisms to enhance
food security in vulnerable regions are of essence.
Even though the drivers of increagsed food prices and
price volatilities are contested, investment in improved
food security could provide multiple co-benefits and no-
regret options "'

Today, agriculture uses 38% of all ice-fieg land are
accounts for 70% of freshwaiter withdrawals and foughly a
thirc of global greentiouse gas emissions. ™ The provision for:
global food demand by 2050 cannot assume improvedciop
“yields through sustainable agricultural intensification because -
of the negative effects on crop growth from an increased -
- frequentcy of weather extremis. Multifunctional food
“ production systems will prove important in a warmer world:
These systems are managed for berefits beyand yield, and
- provide multiple ecosysten services; support biodiversity,
[iniprove nutrition, aﬁdcanenhanqé resilience to shocks'such. .
‘ascrop failure'or pestoptbreaks, W U :

Important adaptation options for food security action include:

+ Enhancement of food security through improved
ecosystem  based management and ecosystem
restoration. Case studies show the benefits of
implementing  strategies to improve ecosystem
management as a means to increase not only food
security, but also to achieve other social goals, Examples
include collaborative management of mangrove forests
to promote conservation, mitigation of climate change
and alleviation of poverty among people dependent on
the mangroves and adjacent marine ecosystems.”
Such strategies require suppottive institutions,
partnerships, collaboration with farmers’ innovation
networks, and connections from sustainable farms to
markets. ™ Similar strategies have recently been
explored for fisheries and aquaculture.™

Increased investments in agricuitural research and
human capital are often raised as an important strategy
to improve yields and longterm food security.™
Agricultural research and development (R&D) has
proven to have high economic rates of return.”
Innovative crop insurance mechanisms, new uses of
information technology, and improved weather data
also hold promise for increased agricultural
production.” Education in agricultural areas is critical
to enhance the diffusion of technologies and crop
management, and as a means to increase household
incomes and promote gender equality,”?

increased  investments in  rural and  water
infrastructure, Investment is essential for situations in
which underdeveloped infrastructure results in poor
supply chains and large food losses. Investments
could boost agricultural production, reduce price
volatilities, and enhance food security in the long
term. The investments required in developing
countries to support this expansion in agricuitural
output have been estimated to be an average annual
net investment of US$83 billion (not including public
goods such as roads, large scale irrigation projects,
and electrification).”

Enhanced international coltaboration, International
collaboration is critical for food security in food
insecure regions. Early warning systems, financial
support, emergency food and grain reserves, the
ability to scale up safety nets such as child nutrition
schemes, and capacity building play a key part in
emergency responses to food crises, and can be
supported by international organisations.™*

Environmental migration

Changes in human mobility patterns have multiple
drivers,™ and range from large-scale displacement {often
in emergency situations), to slow-onset migration {in
which people seek new homes and livelihoods over a
lengthy period of time as conditions in their home
communities worsen}™ The efficacy of national and
international policies, institutions, and humanitarian
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responses also influence whether people are able to cope
with the after-effects of natural hazard in a manner that
allows them to recover their homes and livelihoods.™

Displacement occurs when choices are limited and
rmovernent is more or less forced by land loss, for example
due to extreme events™ Population displacement can
further affect health through increased spread of
communicable diseases and malnutrition, resulting from
overcrowding and lack of safe water, food, and shelter.”
Additional impacts on economic development and politicat
instability could develop, generating poverty and civil
unrest that will exacerbate the population burden of
disease."

Existing vulnerabilities will determine the degree to
which people are forced to migrate.™ The availability of
alternative livelihoods or other coping capacities in the
affected area generally determines the scale and form of
migration that may take place. Conflict undermines the
capacity of populations to cope with climate change,
leading to greater displacement than might have been
the case in a more stable environment, Conflicts have
also been shown to reduce mobility and trap populations
in vulnerable areas, exposing politically marginalised
populations to greater environmental zisks."*

Migration from both slow and rapid-onset crises is
tikely to be immediately across borders from one poor
country into another. Receiving countries could have few
resources and poor legal structures or institutional
capacity to respond to the needs of the migrants.
Destination areas may face similar environmental
challenges {eg, drought or desertification) and may offer
little respite. In rural areas, drought particularly affects
rural to urban migration.* Urbanisation can be beneficial
for health and livelihood, but also entails many risks.”
The social disruption provaked by migration can lead toa
breakdown in traditional institutions and associated
coping mechanisms.* Furthermore, the lack of mability
and risks entailed by those migrating into areas of direct
climate-related risk, such as low-lying coastal deltas,
presents a further hazard™ The mental health
implications of involuntary migration are often down-
stream effects, seen as a result of multiple interacting
social factors {panel 5).

No or fow-regret policies to reduce environmental migration
Effective public health and adaptation strategies to
reduce environmental migration or reduce the negative
impact of environmental migration should entail the
coordinated efforts of local institutions, national and
international governments and agencies.™ There are
several no or low-regret practices that generate both
shortterm and long-term benefits if integrated with
existing national development, public health and paverty
reduction strategies.
1 Slowing down the rate of environmental change,
including mitigation policies and reducing land
degradation "
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2 Reducing the impact of environmental change through
early warning systems, integrated water management,
rehabilitation of degraded coastal and terrestrial
ecosystems, and robust building standards. >

3 Promoting long-term resilience through enhanced
livelihoods, increased social protection, and provision
of services. These include ecosystem-based invest-
ments, and processes that decrease marginalisation of
vulnerable groups—eg, by increased access to health
services.

Limitations of migration as a means of adaptation
Migration has been proposed as a transformational
adaptive strategy or response to climate change, The policy
response is often referred to as “managed retreat”. "
With changes in climate, resource productivity, population
growth, and risks various governments have now, as part
of their adaptation strategies, engaged in planning to move
settlement.” As an example, five indigenous communities
in Alaska have planned for relocation with government
funding support. Research on experience of migration
policy concludes that a greater emphasis on mobility
within adaptation policies could be effective. ™

Using migration as a strategy to cope with environmental
stress might however create conditions of increased (rather
than reduced) vulnerability, "% Even though migration is
used as a strategy to deal with imminent risks to fivelihoods
and food security, many vulnerable low-income groups do
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not have the resources to migrate in order to avoid floods,
storms, and droughts.” in addition, studies of resettlement
programmes demonstrate negative social outcomes, often
analysed as breaches in individual hurman rights.” There
are significant perceptions of cultural loss and the
legitimacy, and success depends on incorporating cultural
and psychological factors in the planning processes.®

Dynamic infectious disease risks

Interactions and changes in demographics, human
connectivity, climate, land use, and biodiversity will
substantially alter disease risks at local, national and
international scales’® For example, vector-borne
infectious disease risks are affected by not only changing
temnperatures, but also sea level rise." The geographical
distribution of African trypanosomiasis is predicted to
shift due to temperature changes induced by climate
change.*" Biodiversity loss may to lead to an increase in
the transmission of infectious diseases such as Lyme
disease, schistosomiasis, Hantavirus and West Nile
virus.* Infectious disease risks are dynamic and subject
to multiple and complex drivers. Adaptation responses
therefore must consider multiple uncertainties
associated with dynamic disease risks, which include a
focus on co-benefits, no regrets and resilience. ™

Adaptation policy options for infectious disease risks

1 investing in public health

Determinants of health, such as education, health care,
public health prevention efforts, and infrastructure play a
major part in vulnerability and resilience.* Adapting to
climate change will not only be beneficial in reducing
climate change impacts, but also have positive effects
on public health capacity® Furthermore, health
improvemnents account for 11% of economic growth in
fow-income and middle-income countries.” The UN
Framework Convention on Climate Change {UNFCCC)
estimates the costs of health-sector adaptation in
developing countries to be US$4-12 billion in 2030.
However, the health consequences of not investing would
be more expensive, and it is clear that there are several
health impacts that we will not be able to adapt to.™

2 One-health approaches

These approaches involve collaboration across multiple
disciplines and geographical territories to protect the
health for people, animals and the environment. 70% of
emerging infectious diseases are zoonotic” and have
muitiple well-established links to poverty.™ They also
pose considerable plobal risks {eg, avian influenza,
Ebola). Effective responses to emerging infectious
diseases require wellfunctioning national animal and
puhlic health systems, reliable diagnostic capacities, and
robust long-term funding, Critical gaps are present in
existing health systems, including poor reporting, severe
institutional fragmentation, and deficient early response
capacities.”™

Zoonosis outbreaks are costly: the economic losses
from six major outbreaks of highly fatal zoonoses
between 1997 and 2009 cost at least US$80 billion.”
Implementing a one-health approach is, by contrast,
econorvically sensible: the World Bank values its global
benefits at $6-7 billion per year.”™ It provides no-regret
options because investments will contribute to reduced
vulnerability applicable across climate futures, and it
enhances resilience by linking government and civil
society partners, facilitating early warning and building
capacities to respond to multiple disease risks.

3 Surveillance and monitoring

Strengthening the capadity of countries to monitor and
respond to disease outbreaks is vital, as shown by the
ongoing Ebola epidemic in West Africa. Climate-change
adaptation for human health requires a range of data,
including on health climate risks or vulnerabilities, and
specific diseases related to climate change impacts.
Information and data collected from public health
surveillance or monitoring systems can be used to
determine disease burdens and trends, identify vulnerable
people and communities, understand disease patterns, and
prepare response plans and public heaith interventions.™”

Health co-henefits from climate adaptation

Even though many climate-related heaith effects are
beset by uncertainties, policy makers and communities
can prepare if they focus on measures that: 1) create
multiple societal and environmental benefits; 2j are
robust to multiple alternative developments, and 3)
enable social actors to respond, adapt and innovate as a
response to change. ™%

Ecosystem-based adaptation (EbA)-co-benefits for indirect effects
Ecosystem services contribute to human health in
multiple ways and can act as buffers, increasing the
resilience of natural and human systems to climate
change impacts and disasters.™

Ecosystem-based Adaptation (EhA} utilises ecosystemn
services, Diodiversity, and  sustainable resource
management as an adaptation strategy to enhance natural
resilience and reduce vulnerability {covered in more detail
in a forthcoming Lancet Commission on Planetary
Health).”" Natural barriers can act as a defence against
climatic and non-climatic events—eg, restoration of
mangroves for protecting coastal setlements and
conservation of forests to regulate water flow for vulnerahie
communities.™™ EbA is considered to be more cost
effective than many hard-engineered solutions, and
thought to minimise the scope for maladaptation.”** It
can be combined with engineered infrastructure or other
technological approaches. EbA interventions can be
effective in reducing certain climate change vulnerability
as it provides both disaster risk reduction functions, and
enables improvements in livelihoods and food security,
espedially in poor and vulnerable settings.*" However, the
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scientific evidence about their role in reducing
vulnerabilities to disasters is developing, and the limits
and timescales of EbA interventions need further
evaluation. Drawbacks can include the amount of land
they require, uncertainty regarding costs, the long time
needed before they become effective, and the cooperation
required across institutions and sectors.™

Ecosystem-based adaptation in urban areas
EbA also has the potential to yield benefits for highly
urban areas, through the development of green
infrastructure.® The evidence comes mainly from the
northern hemisphere, in high-income settings with a
dense city core. In many cases enhancement of urban
ecosystems provides multiple co-benefits for health such
as clean air and temperature regulation.* EbA can
further create synergies between adaptation and climate-
change mitigating measures by assisting in carbon
sequestration and storage, and enhancing various
ecosystem services considered beneficial for human
health. ™ Trees are particularly considered to be efficient
in reducing concentrations of poliutants, although the
capacity can vary by up to 15 times between species.™
Green urban design can reduce obesity and improve
mental health through increased physical activity and
social connectivity Increased neighbourhood green
spaces reduces both morbidity and mortality from many
cardiovascular and respiratory diseases and stress-related
illnesses,” Tree canopies have a higher albedo effect than
other hard surfaces and can work to reduce the urban
heat island effect, lowering heat mortality by 40-99%.*
Whilst resulting in improved public health and
community resilience, many of these measures will also
act to mitigate climate change.

Overcoming adaptation barriers

Globally, relatively few national strategies bring climate
change into public health decision-making processes.
The health impacts of climate change are often poorly
communicated and poorly understood by the public and
policy makers. Barriers to health climate adaptation
include competing spending priorities, widespread
poverty, lack of data to inform adaptation policies, weak
institutions, a lack of capital, distorted economic
incentives, and poor governance. Here, we elaborate
these barriers and discuss some ways to overcome them.

Institutional colfaboration

Health-adaptation policies and programmes require
engagement of numerous agencies and organisations,
including government agencies, nomn-governmental
organisations (NGOs), informal associations, kinship
networks, and traditional institutions.™ At the same time,
institutional fr lack of coordi and
communication across levels of government, and conflicts
of interest between ministries are overly common. ™
Strengthening institutions at muitiple levels is vital, and

institutional capacity needs-assessment and collaboration
are critical for health adaptation to climate change.™ The
support of bridging organisations, as well as partnerships
through networks, are critical as a means to overcorne
fragmentation and improve collaboration, information
flows, and learning.®

Finance
Lack of finance is commonly cited as a major obstacle to
adaptation, especially in the poorest regions and
communities. This might resuit in economic incentives
for investment in adaptation appearing small, individuals
or firms lowering initial costs by avoiding expensive
adaptation technologies or options, and the fact that the
long-term benefits of health risk reduction, health
improvements, and other societal benefits (reduced
public health care costs) are heavily discounted.
Community and informal networks may provide
financial support, but regional, national, and
international funds as well as private sector funding will
be required for adaptation responses at a larger scale.™
To date, adaptation funding is inadequate compared to
the risks and hazards faced. This is covered in more
detail, in section 4 of the Commission.

Communication

Public awareness of the health risks of climate change,
even from heatwaves and other extreme weather events,
is currently low™ Innovative media strategies are needed
to enhance awareness of such risks and improve public
adaptive skills and effectiveness.” health professionals,
being knowledgeable and trusted, are in a strong position
to communicate the risks posed by climate change and
the benefits of adaptation.*

Monitoring indicators for adaptation to indirect impacts
Several indicators can serve as proxies for investments in
adaptation and resilience to the indirect health effects of
climate change.

National adaptation programmes of action

National adaptation programmes of action (NAPAs) are
designed for low-resource countries to communicate
their most urgent adaptation needs to the UNFCCC for
funding.”* Health projects are more often included in the
NAPAs and they typically address current disease {eg,
malaria) control issues.™ To this end, there is a need to
provide ongoing assessment of the number of countries
that integrate health aspects in their NAPA, as well as the
extent to which health is integrated. This indicator should
assess adaptation for both direct and indirect health
impacts.

Early warning systems

This indicator should include the number of countries
that have upgraded early warning systems for extreme
weather events, climatechange-sensitive diseases, food
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security, and migration movements. Early warning
systems have proved to be a critical and co-beneficial
investment and, if matched with response capacities,
could help societies adapt more promptly to changing
circumstances that affect human health.

Ecosystem-based adaptation

Investments in ecosystem based adaptation for both
direct (eg. flood risk) and indirect (eg, food security,
disease mitigation) health impacts could create multiple
co-benefits and provide no-regret options for several of
the indirect effects discussed above.

Conclusion

This section has outlined interventions available to
enhance community resilience and adapt to the bealth
effects of climate change. Many of these are no-regret
options that could provide co-benefits across several
dimensions including food security, disease prevention,
and sustainability in general. Adaptation will provide
both short-term and long-term benefits beyond human
health. Effective adaptation requires institutional
collaboration across levels, integrated approaches,
appropriate long term funding, and institutions flexible
enough to cope with changing circumstances and
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surprise. Urgent mitigation efforts must accompany the
recommendations provided in section 2, a subject
covered in section 3 of this Commission.

Section 3: transition to a low-carbon energy
infrastructure
It is technically feasible to transition to a low-carbon
infrastructure with new technologies, the use of alternate
materials, changing patterns of demand, and by creating
additional sinks for GHGs. This requires challenging the
deeply entrenched use of fassil fuels. Any siguificant
deployment to meet demanding CO, targets will require
the reduction of costs of mitigation options, carbon
pricing, impravement in the research and development
process and the implementation of policies and regulations
to act as enabling mechanisms, as well as recognition of
the strong near-term and long-term co-benefits to health.
The technologies for reducing GHG emissions related
to energy and many energy-related end-uses have been in
existence for at least 40 years {table 2), and several key
technologies have their roots deep in the 19th century.
The technologies are available now. We have a reasonable
grasp of their performance, economics and side-effects
(unintended impacts). They treat the causes of the
problem {fossil fuel GHG emissions) rather than the
symptoms (climate change). Other technologies, such as
those described under geo-engineering have a high
degree of uncertainty as to their effectiveness and also
their side effects, We view these technologies as being
highly risky but also (at this time} unnecessary, as we
have the tools needed to achieve emission targets to avoid
catastrophic  climate change. Geo-engineering is
analogous to using unlicensed drugs to treat Ebola when
public health and hygiene could have prevented the
problem in the first place. It is also important ta recognise
that for an energy source to be renewable, it must satisfy
a low-carbon requirement, and consider the use of scarce
resources such as copper, silicon, and rare earth metals.
Public heaith has much to gain from the mitigation of
short lived climate pollutants {SLCPs) such as methane,
black carbon, hydrofluorocarbons, and tropospheric
ozone. The benefits for health, climate change, and crop
yields are covered in great detait in a report by WHO and
the Climate and Clean Air Coalition.™

Main sources of GHG emissions
1n 2010, annual global GHG emissions were estimated at
49 GiCO,e™ The majority (about 70%) of all GHG
emissions can be linked back to the burning of fossil fuel
for the production of energy services, goods or energy
extraction (figure 8).* Global emissions from heat and
electricity production and transport have tripled and
doubled respectively since 1970, whereas the contribution
from agriculture and land-use change has slightly
reduced from 1990 levels.™

When upstream and electricity sector emissions are
allocated on an end-use basis, most emissions {about 61%})
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are related to the built environment {ie, buildings,
transport, and industry). These emissions are related to
providing services such as cooling and heat in buildings,
power for lights, appliances, electronics and computing,
and motive power for moving to and within largely
urbanised places, while industrial manufacturing of

products feeds into the built environment gystem through
movement of goods, economic activity and employment,

The global energy system
We know that the global energy system is heavily
dependent on the extraction, availability, movement, and
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consumption of fossil fuels, and this system shows
vulnerabilities when stressed. For example, the 1972
Organization of the Petroleum Exporting Countries
{OPEC} ojt embargo {which resulted in a cut of global
production by 6-5% over 2 months) or the first Persian
Guif War {which caused a doubling of global oil prices
over 3—4 months) each caused major pressure on the
access and security of global energy supplies.™
Furthermore, many of the world’s largest actual and
potential conventional oil reserves are in areas of historic
volatility and civi} unrest.®

Climate change poses a risk to the existing energy
system. Under a changing climate, these vulnerabilities
could result in disruption in both supply and production
of power under extreme weather events, operations (eg,
water availability for cooling towers), viability of
infrastructure {eg, location of power lines or hydroelectric
systemns), impact on transmission {eg, high temperatures
or wind damage), and higher demand for cooling and
building system performance.™”

The usefulness of fossil fuels relates to their power and
energy density, portability, and relative cost compared
with other forms of energy. These attributes have acted as
challenges to the transition to low-carbon energy sources
and vectors, such as renewable and nuclear electricity and
hydrogen. Maintaining power supply based on
intermittent electricity sources such as wind power is a
complex system integration problem.™ Practical solutions
will involve combinations of energy stores (hydroelectric,
thermochemical), demand-side management, and the
harnessing of geographical diversity with respect to
demand and supply. Cross-continental power grids can
play a significant part in reducing low-carbon systems
costs because greater diversity of demand and supply
reduces the need for expensive energy storage.
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The growth in energy demand

Global energy demand has grown by 27% from 2001-10,
largely concentrated in Asia (79%), the Middle East and
Africa (32%), and Latin America (32%), but with near
stable but high demand {on a territorial accounting basis)
in the 1990 Organisation for Economic cooperation and
Development {(OECD) group of countries. China
doubled its emergy demand during this period and
represented the single largest proportion of the global
increase {44%).™ Most global growth in energy was in
coal (44%) for use in electricity preduction, a dangerous
reality for human health.*®

Economic productivity has risen alongside global
energy demand. Whilst fossil fuel-based energy demand
has grown slowly in OECD countries since 1970, gains
were made in GDP terms that were largely a result of de-
industrialisation of the economy {fargely exported to
Asta). As a result, Asia has made a significant leap in
energy consumption, emissions and GDP. The energy
intensity of large global economies {ie, the USA, China,
EU, India} have fallen progressively over the period of
industrialisation.™ Figure ¢ shows that economic gains
need not be strongly coupled to CO, emissions, though
the association is partly obscured by the export of CO,
emissions. Moving energy-intensive industries offshore
{most of which tremain fossil-fuel powered) atiows for
territorfal emissions to fall, but at the cost of increased
emissions elsewhere,

Growth in demand for energy will probably continue
over the coming 25 years, particulasly in lower-middle
and low-income economic regions, where most citizens
lack access to safe and affordable energy. The growth in
global per capita energy demand is linked to
improvements in the standard of living in developing
regions and directly supports development goals.
Expected energy demand in non-OECD countries may
double by 2035 {107%} from 2010, while OECD countries
may increage by 14% over the same period.”™ However,
this growth in demand will continue to directly benefit
high-income regions through exported production of
goods.

Meeting our future energy needs

Access to energy is a key enabler of economic
development and social wellbeing. In recognition of
energy being a key determinant of econonic and social
development, and of health and wellbeing, the UN has
declared that 2014-24 is the UN Decade of Sustainable
Energy for All. The world's population must be able to
access clean forms of energy that can provide these basic
needs, which can minimise the health burden from both
direct exposure and indirect from future climate change
risks. The Sustainable Development Goals (SDGs) have
emphasised the role that energy plays in securing a
sustainable future for a global 9 billion population by
2050, and has outlined four targets to support, which
could act as progress metrics. The indicators measuring
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progress on the proposed SDGs for securing sustainable
energy for all by 2030 include: ensuring universal access
to affordable, sustainable, reliable energy services;
doubling the share of renewable energy in the global
energy mix; doubling the global rate of improvement in
energy efficiency; phasing out fossil-fuel production and
consumption subsidies that encourage wasteful use,
while ensuring secure affordable energy for the poor.™

The health burden of the current energy system
Although linked to a historical transformation in health,
a fossil-fuel-based energy system also imposes significant
heaith burdens {figure 10). The direct burden occurs
through emissions of particulates and solid wastes {coal,
oil, gas, biomass}), risk of flooding (hydroelectricity),
accidents and injuries (all}, and emission of radioactive
materials {coal, nuclear). But as the main driver of
anthropogenic clitate change, an energy system based
on fossil fuels will also have indirect effects through
climate change and the increase in temperatures,
extreme weather, heatwaves, and variable precipitation
{see section 1}.

The immediacy of this burden varies with the inertia
built into the emission to exposure pathways and
exposure to health-effect pathways. Compared with
climate change, the locality and visibility of fossil fuel
emissions are more apparent today as poor air quality
and toxic discharges, such as smog in Beijing or Dethi. A
coal-fired power plant will emit particulates that result in
immediate exposure for the local population with
consequent increased risk of developing respiratory

disease and lung cancer. The exposure to emissions can
result in immediate health effects for the local population,
such as respiratory tract infections, or take many years or
decades to have an effect. A coal-fired station will produce
i diate CO, emissi but these emissions do not
result in immediate health impact. Instead, GHG
emissions that accumulate in the atmosphere over the
long term will result in glabal climate change. The long-
term nahure of climate change means that these
exposures build towards a more dangerous level. Another
dimension is locality of the emissions-exposure,
exposure-health effect pathways. Locally generated
emissions will affect both the population surrounding
the point of discharge and in some cases more widely, as
in burning coal in north Asia. Climate change, however,
will affect all areas to varying degrees.

The global increased use of energy per capita is highly
related to considerable improvements in quality of life
across much of the world. The majority of this energy
use is derived from fossil-fuel use, but mainly coal.
Coal's wide availability and economic attractiveness has
made it the fuel of cheice for use in power generation.
The recent expansion of coal use, mainly in the newly
industrialising countries, effectively reverses the global
pattern through most of the 20th century towards less
carbon intensive and less poliuting fossil fuels—the
progressive displacement of coal by oil, and of both by
natural gas. However, the time when fuel switching
could decarbonise the global economy sufficienty
quickly to avoid dangerous climate change has almost
certainly passed. It is increasingly difficult to justify
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large-scale  investment in unabated gas-fired
infrastructure, The dangerous impacts of coal on health
from exposure to air poltution in the form of noxious
particulates and heavy metals, the environmental
degradation ({eg, contaminating water courses and
habitat loss) from the extraction and processing of coal,
and the major contribution that burning coal and the
release of GHGs has in changing the long-term climate
almost certainly undermines the use of coal as a long-
term fuel. Although the use of coal as a fuel source for
power generation will be linked to economic growth and
{sometimes precarious) improvements in quality of life,
the risk that coal has on our global health through
climate change and habitat loss means that moving to
low-emission fuels in areas of high coal demand is a
major part of the global low-carbon energy transition.
Whilst the use of technologies such as carbon capture
and storage {CCS) are consistently cited in reducing the
impact of coal-hased power generation, at present, these
technologies have many major unknowns and are
without substantial government investment or the use
of carbon pricing.

One important strategy to protect against the health
burdens of local and national energy choices, is to ensure
that health impact assessments are built in to the
planning, costing, and approval phases of a new project.
By developing the toals and capacity to enforce this,
policy makers can better understand the broader
consequences of their decisions.

Actions, technologies, and health outcomes

Actions that seek to mitigate climate change have the
potential to be beneficial to health, both directly and
indirectly.”” Across a number of sectors, the potential
health benefits of switching to low-carbon technologies
include a reduction in carhon emissions from power
generation,?*® improved indoor air quality through
clean household cooking technologies in low-income
settings and housing thermal efficiency in high-income
settings, and lowered particulate-matter exposure from
low-emission transport,?”**

Decarbonising the power supply sector holds both
risks and benefits for health, The direct benefits centre
on reducing exposure to air poltutants from fossil-fuel
burning.™ In the UK, the associated burden of air
pollution from the power sector is estimated to account
for 3800 respiratory related deaths per year.™ in China,
air pollution is thought to resuit in 7-4 times more
premature deaths from PM2.5 than in the EU. It has
been estimated that current ambient concentrations of
particulate matter led to the loss of about 40 months
from the average life expectancy in China, but that this
loss could be cut by half by 2050 if climate mitigation
strategies were implemented. The risks to health from
decarbonisation are more likely to he indirect; if the
deployment and adoption of technologies that aim to
reduce carbon emissions, reduce energy demand, or

switch fuels are not undertaken with care, there are
risks of unintended consequences through, for
example, poor housing ventilation.™ Besides air quality,
several links between climate mitigation practices and
technologies and potential health benefits have been
established (figure 11).7°* Using active transport as an
example, the shift from car driving to walking and
cycling not only reduces the air pollutant emissions,
but also increases levels of exercise, which in turn can
lead to reduced risks of several health outcomes,
including cardiovascular diseases, diabetes, and some
cancers.”™

The formal health sector itself also has a role to play in
reducing its emissions, Hospitals and health systems,
patticularly in more industrialised settings, account for
around 10% of GDP and have a significant carbon
footprint. While the full extent of health care’s climate
impacts is not known, emerging data confirms its
significance and the need for mitigation strategies. For
instance, the NHS in England calculated its carbon
footprint at more than 18 million tonnes of CO, each
year—25% of total public sector emissions.”® 72% of the
NHS's carbon footprint is related to procurement and the
remaining split between travel and energy use in
buildings.? In the USA, the health-care sector is
responsible for 8% of the country’s total GHG
emissions.™ With among the largest sectoral purchasing
power globally, the health sector could reduce its impact
through the products it purchases and through
investment in its infrastructure {ie, hospitals, ambulatory
services, and clinics}.

By moving toward low-carbon health systems, health
care can mitigate its own climate impact, become more
resilient to the impacts of climate change, save money,
and lead by example. For instance, in South Korea,
Yonsei University Health System is targeting reducing
GHG emissions by 30% by 2020. Energy efficiency
measures saved the system $1.7 million and reduced
GHG emissions by 5316 tonnes of CO,in 2011 alone.™ In
the USA, Gunderson Health has increased efficiency by
40%, saving $2 million annuatly, while deploying solar,
wind, geothermal, and biomass to significantly reduce its
carbon footprint and end its dependence on fossil fuels. ™
in England, the NHS Public Health and Social Care
System has similarly committed to reducing their carbon
footprint by at least 34% by 2020.”

Conversely, accounting for the health co-benefits of
climate change mitigation, can help to bring down the
overall cost of greenhouse gas mitigation, Jensen and
colleagues have shown that the incorporation of heaith
co-benefits of cleaner vehicles and active travel can make
those mitigation practices cost effective™ The health
benefits of reducing methane emission in industrialised
nations could exceed costs even under the least aggressive
mitigation scenario between 2005 and 2030 For
example, in the UK, retrofits aimed at improving energy
performance of English dwellings have the potential to
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Figure 11: Frequently cited co-benefits of major mitigation techniques

Red arrows between a mitigation technology and an effect indicate that the t

offer substantial health benefit over the long-term,
providing ventilation to control indoor pollutants is
installed (see appendix 2).

Pathways to (GHG emissions reduction)
pathways

Over the last two centuries, the prevailing pattern of
national development has involved dramatic increases in
productive capacity, supporting transformations in
nutrition and housing, underpinned by development of
fossil-fired energy supply, conversion, and distribution
systems, Three overlapping stages of development can
be identified:

indicate an opposite trend.

Stage 1: typically low technology, relatively inefficient
and with little regard for damage due to pollution and
other externalities.

Stage 2: locally clean. As countries become wealthier,
they can afford to invest in the longer term and deal
with the local health problems associated with
burning fossil fuels.

Stage 3: regionally and globally clean, This involves
the development of energy systems that address
transboundary pollution problems including that of
anthropogenic climate change. Stage 3 is generally
associated with high GDP and indices of public
health.
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Importantly, improvements in technology and efficiency
have historically accompanied and assisted, but have not
been primarily driven by the geal of pollution control.
The patterns of development associated with stages 1and
2 are complex and multi-dimensional, and stage 3 is
unlikely to be different. Stages 1 and 2 have historically
been asseciated with increasing income and health,

This pattern of development has resulted in emission of
about 1600 GtCO, since 1870, with a consequent rise in
global mean temperature anomaly of +0- 85°C {1870-2010).
To have a better than 66% probability of keeping the rise
in global temperatures to below 2°C, cumulative
greenhouse gas emissions from 2011 on would need to be
limited to around 630-1180 GtCO,eq.™***" At the current
global emission rate, this budget would be used up in
between 13 and 24 years.

The last 30 years of OECD data have shown that
significant changes to global energy systems are possible.
Indeed, the whole of the 20th century has been
characterised by a succession of transitions in energy
technologies. However, this process has not been
inevitable and decisions on energy systems have been
aligned with other national objectives—eg, enhanced

Panelé: kDecarb:i;nisatioh pét!{ways~fo{tbe Uk and (;hi‘nks.m i
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- transition o low-carbon ecoriomies and, in doing 5o, Movi
towardsthe mtematlonally agreed 2"Ctarge %2050 The
project comprises representatwes of 1 15 countries contribiting. -
S han 70% of current global g ga:
andisled by the UN'Sustainable Development Solutions
 Network (SDSN): and the institute for Sustainable
Development and! lntematlona! Relations (ODDRI) Paris: 7
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“{fafling to: 1236G¢ by 2050, Fom 223Gt in 2010); Although the
- nterim pathways: do hot reacha’50% probablhty of restn(tmg
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ehergyefficiency. andiconservation,a shift to low-carbon
eleictricity; and a switch to lower carbion fuels: However, the =
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‘The UK pathway s characterised by early decatbonisationof the ‘
“power gengrition sector, andiincreased electrification of endiise:

“sectors from 2030, leading to'an 83% redaction in €O, -energy
emissions by 2050 {see figures 12A and 8); The comulative’

investment requiréments forsucha large <scale decatbonisation

carein the: region of £200-300 bilfion; and requirea strong pol:cy :
framework, mcludmg ele ity market refoim. After 2030,

- radical changes i energy vectors aré necessary, with heating

switching from gasto Heat pumpsand dlslnct heating; and::
transport increasingly electrified. Greatersthan: margmai
reductians in emissions (eg; associated with heating) require

eriissions;

+storage (ﬁgures 1311\ and B): |n mdustry, carbv

g The project shgws the crucua& fieed for iarge scale g!oha
. technology tésearch, development, demotistration, and :
- deployment, and transfer éfforts. Acommon feature o\‘ st

“pathwaysis the need to decarbom ‘
< industry: The final DDPP repart will review investment Ievels
and pohcy frameworksto enab!e the transuhon

security of supply or reduced air pollution. This suggests
that the transition to low-carbon energy will need to be
predicated on achieving multiple objectives, including
climate change, health, equity, and economic prosperity.

Many trajectories that are consistent with such a budget
{panel 6 shows those of the UK and China} are in
principle possible. Such trajectories necessarily involve
emissions in the second half of the century in the region
of 90% lower than emissions between 2011-50.% Al
would require an unprecedented global commitment to
change, and none appears easy. To stabilise CO;
equivalent concentrations in the range 450-650 ppm
{consistent with 2-4°C of warming) will require the
global emission rate to fall by between 3—6% per year, a
rate that so far has only been associated with major social
upheavat and economic crisis.” Postponing deep cuts in
emissions may allow for new policies and technologies,
but at the cost of significant impacts {eg, for land use and
food production) in the second half of the century.

Achieving a 2°C warming target
Many technologies exist or have been proposed to
mitigate climate change. But they vary in their potential

elec‘mclty genefatiori 1 imore than doubl
coatis replaced by renewables; nucleay,

ashift away from unabated coal use, facmtated hy energy
- marketrefor and carbon priclng.
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mitigation impacts, stages of development, costs, and
potential risks, Table 2 summarises mitigation
technologies. Among them are climate engineering
approaches such as land and sea sequestration. Although
these have significant potential, they carry significant
risks, including the possibility of damage to ecosystems.
1t is currently uncertain that the necessary international
consensus to allow the deployment of such technologies
could be achieved. Energy efficiency improvement is
considered as the least risky of the options, aithough on
its own it is insufficient to achieve the necessary
decarbonisation.”

Individual behaviour is an important factor that affects
the end-user energy efficiency~—eg, using high-efficiency
heating and cooling systems, adopting more efficient
driving practices, routine maintenance of vehicles and
building systems, managing temperatures for heating,
and hot water for washing.*** But behavioural changes
are not so easily achieved and pose considerable risk as a
mitigation strategy. The medical professions have
decades of experience with attempts to induce mass
changes of hehaviour through heaith promotion. The
most prominent campaigns have been targeted at alcohol
consumption, smoking, diabetes, and obesity. The
overarching lesson is that even when behaviour change
yields direct personal benefits, amounting in some cases
to a decade or more of life expectancy, it is extraordinarily

the UK i 2010 and 2050 {A), and energy supply pathway for electricity generation far the UK, 2010-50 (8)™

difficult to achieve through persuasion. In practice,
different societies favour divergent approaches to
influencing behaviour, ranging from the economic,
through the physical to the psychological.™*

Technologies that have the greatest decarbonisation
potential include nuclear power, offshore wind,
concentrated solar power {CSP}, and CCS.*** Solar
photovoltaic {PV) and wind systems have been growing
exponentially for decades (wind about 12% per year, PV
about 35%), with consequent reductions in costs due to
learning and increasing scale of production and
deployment, while both CSP and CCS have not yet been
deployed at any significant scale and so cannot capture
significant learning effects. CCS suffers from similar
problems to nuclear—ie, large unit sizes, potential
regulatory concerns, and long lead times, which means
weak and delayed learning once deployment has begun.
But CCS’s additional disadvantage compared with
nuclear and renewables is that while the latter decouple
economies from the threat of future rising and volatile
fossil fuel costs, CCS magnifies these threats. Even in the
absence of carbon pricing, renewables and nuclear can
be justified as a hedge against future increases in fossil
fuel prices, whereas CCS cannot.

Attempts to understand the adaptation of the whole
energy system in the context of rapid transitions to low-
carbon emissions have been predominantly from the
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Figure 13: Energy-related CO, emissions pathway for China in 2010 and 2050 (A),
CCS=carbon capture and storage.

discipline of economics. Among these is the Deep
Decarbonization Pathways Project {DDPP), which has
developed pathways for 15 countries.” Panel 6 provides
an example of these technology pathways for the UK and
China. Transforming the global economy in anything
like the timescale implied by the above discussion
requires unprecedented action in both industrialised and
developing countries. The former will need to embark
more-or-less immediately on CO, reduction programmes
with a high level of ambition. Developing countries will
need to move directly from stage 1to stage 3 {significantly
reduced emissions with associated high GDP and indices
of public health) probably with both capital and technical
support from developed countries, Delayed emission
reduction would lower the possibility to control climate
change, raise costs and force the uptake of riskier and
unproven mitigation technologies with increased risk of
unintended consequences for human wellbeing and
ecosystems.””

The range of unintended consequences when the
technologies are administered to different systems is
large, complicated, and in some areas poorly
understood. Ultimately, rapid mass deployment of fow-
carbon technologies requires a better understanding of
the drivers and barriers to delivery within different
economic sectors, the scale and opportunity of
deployment, and the setting and its context including
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the actors and decision makers involved. The
application of low-carbon technologies, their impact,
deployment, and co-benefits must be maximised by
understanding what works, where it works, and why it
works. This understanding is particularly important to
support emerging technologies that are yet to reach
market-scale deployment. Three key drivers are
required to support pathways to a low-carbon future:
maximising the efficacy of low and zero carbon
technologies, maximising the deployment of these
technologies, and maximising and internalising the
potential health co-benefits of decarbonisation,

Maximising efficacy

Although significant progress has been made in adopting
clean technologies, the resulting impact on energy
intensities and carbon emissions has been lower than
expected. Barriers to adoption and deployment of mitigation
technology include a lack of awareness and access to
technical knowledge, segmentation and fragmentation
within and amongst sectors, and financial disincentives.
These barriers will be particularly acute in developing
countries where the benefits of energy efficiency are not
necessarily recognised and may be a lower priority
compared to many other urgent issues, such as poverty
eradication, public heaith improvement, and crime
reduction; this may be further affected by a lack ol means of
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communication. Furthermore, due to a lack of quantitative
and retiable measurements of energy performance, many
stakeholders are not aware of energy savings potential. We
propose three actions to improve efficacy:

1 Understanding the direct and indirect impacts of
technologies from an integrated technical, economic,
social, health and cultural, and political perspective;
Gathering, evaluating, and reporting real-world
evidence to support and guide development and
implementation of mitigation strategy;

Put in place policies and regulations {such as reporting
schemes, inspections, and benchmarks) to make
performance visible within the market.

[N}

-

Maximising uptake

Minimum deployment of low-carbon technologies poses
a significant risk to the transition to a low-carbon future.
The International Energy Agency (IEA) has stated that
nine out of ten low-carbon technologies that are essential
for energy efficiency and decarbonisation aze failing to
meet their deployment objectives. Limited deployment,
particularly early in the process, limits learning and
constrains subsequent progress.

Inertia in the technology diffusion process within
many sectors means that many off-the-shelf technologies
taday could take 20 years to achieve significant market
penetration without incentives to support their uptake.
Overcoming such inertia requires clear guidance on
technology potential; robust data on technology
performance, impact, and costs; detailed information on
existing sectors and historic structures; removal of
disincentives and perverse incentives; and strong
reguiations. For certain technologies, regulation can play
a major part in accelerating deployment, Criteria for
regulations to be effective in this role may be summarised
as follows: that the goal of regulation should be
unambiguous; that the technical nature of measures
which will achieve the goal should be clear, and they
should be easy to apply; that the technical nature of these
measures should make it easy for the regulator to
confirm that they have been implemented; that the total
benefits should outweigh costs; and that both benefits
and costs should be a small part of some larger economic
transaction.*® Cities offer opportunities and challenges
for technology deployment. For appropriate technologies,
economies of scale are quickly achieved with population
and economic densities supported by larger tax bases,
deployment through existing services and a history of
operating large scale infrastructure. Density intensifies
{ocal environmental problems {particulates, noise, etc},
which can in turn make it politically possible to introduce
focal regulation favouring low-carbon technologies.
Resulting niches and learning can then accelerate the
development and wider deployment of key mitigation
technologies.™

Developruent status is another important driver of
deployment. The bulk of technology transfer occurs

between developed countries who dominate the invention
of technologies for climate mitigation” This does
nothing to overcome the low availability of mitigation
technologies in developing countries. Major barriers to
technology transfer from developed to developing
countries include insufficient local human capital and
technology support capabilities, fack of capital, trade and
policy barriers, lax intellectual property regimes in
developing countries, and the potentiat lack of commercial
viability of the technology itself.* These barriers need to
be overcome to enable countries seeking to achieve a high
quality of life to tunnel from stage 1 to stage 3.
Mechanisms to support low-carbon technology uptake
should include:
Enacting policy regulations to improve deployment of
technologies {such as incremental minimum
performance standards or delivery obligations)
Developing strong national-level commitments and
sources of funds for investment in low-carbon
infrastructure that is accessible to local delivery
agents.
Targeting decision makers who can achieve maximum
on-the-ground change and uptake of technologies and
changes in practices {ie, sector heads, mayors, and
councils).

Maximising co-benefits and avaiding unintended consequences
Many low-carbon technologies provide benefits other
than reducing greenhouse gas emissions—eg, increased
energy security, improved asset values, improved air
quality, greater disposable income, and improved heaith
and comfort. Some low-carbon technologies are primarily
deployed because of their co-benefits,

Low-carhon technologies inappropriately deployed can
hurt the economic and social development of developing
countries. The increased use of expensive low-carbon
energy sources could delay essential structural changes
and slow down the construction of much needed
infrastructure. Higher energy prices can affect economic
growth and exacerbate poverty and inequality. However,
abstaining from mitigation technologies in developing
countries carries the risk of fock-in into a high-carbon-
intensity economy.™ In order to avoid such unintended
consequences, a balanced strategy focusing on both
human development and climate mitigation in
developing countries is needed.

Mechanisms to maximise co-benefits should include:
Developing compelling arguments for action that
emphasise co-benefits (ie, health, quality of life, air
quality, a creative and resilient economy).

Putting in place national and international level
mechanisms to support and encourage technology
adoption (ie, carbon pricing).

Putting in place policies and economic tools that can

facilitate the technology transfer from developed
countries to developing countries {ie, the importance
of the Green Climate Fund),
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Conclusions

Energy systems comprise some of the largest, most
complex and enduring capital structures in modern
economies. Decarbonisation and reducing energy
demand is not a simple challenge of cleaning up
pollutants or installing new equipment, it requires
systemic transformations of energy infrastructures and
associated systems, We need to put in place mechanisms
that support the uptake of technologies in an effective
manner (ie, support pathways to impact pathways or
pathways to pathways}. Finally, it should be noted that
the fuil potential of mitigation technologies will only be
achieved if the social and political systems around these
technologies co-evolve to deliver carbon targets.

There is a clear and compelling need for the
industrialised world to achieve faster and much deeper
emission reductions than anything delivered to date. At
the same time, industrialisation historically has been
accompanied by rising greenhouse gas emissions
{particularly CO,) up to income levels of $10-15000 per
capita. Sowme of the major emerging economies are

already reaching such levels, with concomitant
emissions; helping others to avoid doing so, or helping
those (like India} still with huge challenges to lift
hundreds of millions of people out of extreme poverty,
will require international assistance.

Through a multipronged approach that advocates co-
benefits, targets decision makers and puts in effective
measures that are understood, it might be possible to
make real progress towards meeting our emission
reduction goals. These mechanisms represent a public
health-style approach to developing and implementing
mitigation strategies, with the end goal of many co-
benefits,

Section 4: financial and economic action

The total economic cost of fossil-fuel use

Past failures to reduce GHG emissions mean that
remaining within the required carbon budget is
becoming progressively challenging. We are increasingly
committed to a certain level of climate disruption,
requiring adaptation measures to reduce the impact this
is likely to have. Given that the world is already committed
to some degree of climate change, and given too that the
combustion of fossil fuels also emits a variety of other
pollutants, the total external costs of burning fossil fuels
{ie, those costs that are not included in the price of fossil
fuels) may be expressed as shown in panel 7.

The optimum outcome of this formula is that which
minimises TEC,, computed over the time horizon of
interest. Unfortunately, the state of knowledge now, or at
any likely point in time in the future, does not permnit
such a dynamic optimum to be computed. The purpose
of this section is to explore the estimates of these
different cost categories that appear in the literature to
draw conclusions regarding the extent of climate change
adaptation and mitigation that should be attempted, and
the policies that might be able to deliver it.

The question of what is optimum in economic terms
{GDP or welfare per head) for a given level of carben
emissions and discount rate requires the computation
of an optimal time path. What is optimum today
{without regard for the future} will not be optimal if the
future is to be taken into account. And of course the
relation between low prevention costs now means very
high treatment costs later, compared with high
prevention costs now means lower treatment costs later
will be subject to very great uncertainty. Higher
uncertainty may mean that high prevention costs would
Dbe wasted. On the other hand, with higher uncertainty
comes the increased probability that high prevention
costs are not high enough. However, whatever the
answers to these questions, models reviewed in the
IPCC's Working Group III Fifth Assessment Report
{ARS) indicate with sufficient certainty that more needs
1o be spent earlier rather than later if even a moderate
value is given to the intermediate and long term
future.™
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The health and related economic benefits of adaptation
There are significant research gaps regarding the
scientific evaluation of the health benefits of climate-
change adaptation due to its highly diffuse and context-
specific nature, with only scattered quantitative or
semi-quantitative studies on the health costs and
benefits of adaptation options.” Monetising these costs
and benefits is an even more difficult task. However, the
studies that do exist present a strong message. Seven of
the eight studies on the effectiveness of heatwave early
warning systems reported fewer deaths after the systems
were impl For in the of
2006, a heatwave in France produced around 2000 excess
deaths—4000 less than anticipated based on previous
events.” A national assessment attributed this to greater
public awareness of the health risks of heat, improved
health-care facilities, and the introduction of a heatwave
early warning system in 2004*® A Climate Forecast
Applications Network developed in the USA had
successfully forecast three major floods in 2007 and
2008 in Bangladesh 10 days in advance, allowing farmers
to harvest crops, shelter animals, store clean water, and
secure food before the event Webster also strongly
advocates the establishment of a network between
weather and climate forecasters in the developed world,
and research and governmental and non-governmental
organisations in the less-developed world.* According
to his estimation, such a network could produce
10-15 day forecasts for south and east Asia for a wide
range of hydrometeorological hazards {including slow-
rise monsoon floods, droughts, and tropical cyclones) at
an annuaj cost of around $1 million, but with prevention
of “billions of dollars of damage and protecting
thousands of lives”. To support assessments such ag
these, WHO Europe have prepared an economic analysis
tool to enable health systems to calculate the health and
adaptation costs of climate change, which was in turn
tested in their study of seven European countries, ™

The health and related economic benefits of mitigation
Unmitigated climate change presents serious health
risks that could reach potentially catastrophic
proportions. Mitigating climate change not only
significantly reduces this risk, but can also yield
substantial health co-benefits against contemporary
circumstances.

Panel 8 illustrates the proportion of national GDP
directed to health care increasing with wealth, along with
the proportion accounted for by government
expenditures. This suggests that governments of high
and increasing income countries should give significant
priority to mitigating climate change to prevent
detrimental health impacts, which could result in the
need for significant extra health expenditures, from both
governmental and personal finances. Indeed, the direct
and indirect cost of existing pollution-induced ilinesses
alone is significant. The OECD estimates the cost of

ambient air pollution in terms of the value of lives lost
and il health in OECD countries, plus India and China,
to be more than $3.5 trillion annually {about 5% gross
world product {GWP}), with India and China combined
accounting for 54% of this total.™ Globally, and with the
addition of indoor air pollution, this value is likely to be
substantially higher {appendix 3)

The European Comimission has estimated that in the
EU alone, reduced air pollution from policies to
mitigate climate change could deliver benefits valued at
€38 billion a year by 2050 through reduced mortality.
From a broader perspective, the European Commission
estimates that moving to a low-carbon economy could
reduce the control costs of non-CO, air pollutants by
€50 billion by 2050.%' With an increase to 36%
renewables in global final energy consumption by 2030
{from 18% in 2010), IRENA calculates up to $230 bitlion
of avoided external health costs annually by 2030.% In
addition, West and colleagues note that if RCP4.5 is
achieved, annual global premature deaths avoided
reach 500000 by 2030, 1-3 million by 2050, and
2-2 million by 2100. Global average marginal benefits
of avoided mortality are $50~380 per tCO,, exceeding
marginal abatement costs in 2030 and 2050. The
greatest henefit is projected for east Asia, with
220000470000 premature deaths avoided per annum
by 2030, with marginal benefits of $70-840/tCO—a
range 10-70 times that of the projected marginal cost™
{see appendix 3 for more about the cost of ambient air
potlution in China}. In the USA, Thompson and
colleagues estimate that human health benefits
associated with air quality improvements driven by CO,
mitigation policies can offset the cost of the policies by
up to ten times,*
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Mitigation actions have other health-related benefits.
Policies in the transport sector that encourage active
travel (eg, walking and cycling) produce significant
reductions in cardiovascular disease, dementia, diabetes,
and several cancers, in addition to reduced duration and
severity of depressive episodes—all of which are linked
10 obesity and are costly to treat.® For example, increased
levels of active travel coupled with increased fuel
efficiency in the UK's urban areas could lead to a net
saving to public funds cumulatively exceeding £15 biltion
by 2030, whilst achieving GHG reductions of over 15% in
the private transport sector by 2030.* Patz and colleagues
have comprehensively reviewed the health, environ-
mental, and economic benefits of active travel. ™

In many countries, climate-change mitigation through
increased energy efficiency will have the benefit of
reducing fuel poverty {a condition in which low-income
households have to spend a high proportion of their
income to keep warm or cool}, and associated impacts on
excess winter mortality, respiratory heaith of children and
infants, and the mental health of aduits.*” Nicol and
colleagues estimated that improved housing in England
alone could save the UK NHS more than €700 million per
year in treatment no longer required in addition,
Copenhagen Economics estimates that improvements in
housing energy efficiency in Europe would, alongside the
production of direct energy and health-care savings,
reduce public subsidies for energy c ion hy
€9-12 billion per year.” Various other heaith and ancillary
benefits exist. Appendix 4 provides infortation about a
recently developed framework to quantity key co-benefits.

It is apparent both that societies spend very large sums
on health care and that measures to mitigate climate
change would directly reduce existing and projected
damages to health from the combustion of fossil fuels,
and associated costs. In fact, Markandya and cofleagues
estimated that in India, if the health benefits of reduced
PM,; emissions alone, resulting from a 50% reduction in
CO, emissions by 2050 {from 1990 levels) from electricity
generation, were valued similarly to the approach used in
the BU for air pollution, then they offset the cost of GHG
emissions reductions in full® As such, a significant
proportion of expenditures for climate-change mitigation
(and adaptation) may legitimately be seen as offsetting
health expenditures, existing or anticipated, or even put
forward itsell as expenditure on the treatment and
prevention of il health. If a large part of the costs of
climate-change mitigation and adaptation is offset by
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improved heaith of the existing population, and if
unabated climate change is itself a major heaith risk,
investment in such actions is clearly an attractive and
sensible proposition.

investment required for mitigation and adaptation

In industrialised countries, large-scale investment in
energy systems is required simply to maintain existing
services as infrastructures age and need to be replaced,
Emerging and developing economies will require very
large energy system investments to meet growing demand
as they develop and to provide increasing proportions of
their populations with access to modern energy services.
It is estimated that such business-as-usual investments
will tota! around $105 trillion between 2010 and 2050, with
average annual investment requirements rising rapidly
over time.® However, this value excludes the costs of
climate damage to the energy system or resilience
measures to reduce it. Such costs could be significant.

The 1EA estimates that to achieve a trajectory that
produces an 80% chance of remaining on a 2°C
stabilisation pathway, additional cumulative investment
of $36 trillion in the energy system is required by 2050—
roughly $1 trillion per year (in the order of 1% GWP
under moderate growth assumptions or about 10% of
existing expenditure on health care), although recent
estimates from the New Climate Econoruy report suggest
that this value may be a much reduced $270 billion per
year,”*' The insurance premiur represented by this
additional investment is very modest in relation to the
potential costs that are being avoided, even without the
offsetting health and other co-benefits such as those
described above. To achieve both the requisite level of
decarbonisation whilst meeting increasing global
demand for energy, the TEA estimates that investments
in low-carbon technologies and energy efficiency must
account for around 90% of energy system investment by
2035.%% Currently, this value is around 23%.**

Estimates for the investment required for adaptation
measures to protect against climate impacts to which the
world is already committed are limited. The most
comprehensive global estimate thus far was produced by
the World Bank (2010}, which estimates the annual
global cost of adaptation even on a 2°C trajectory to be
$70-100 bitlion by 2050.™

Estimating existing expenditure on adaptation actions
is not much easier than estimating the possible future
costs of adaptation. Buchner and colleagues™ estimate
that in 2012, about $22 billion was invested in activities
with an explicit adaptation objective. However, the lack of
common agreement on what constitutes an adaptation
measure over other investment classifications and
objectives mean understanding of existing financial
flows to adaptation measures is poot. Even so, whilst the
magnitude is difficult to determine, it is r

requirements, even for impacts resulting from current
and past emissions.

Macroeconomic implications of mitigation and
adaptation

The macroeconemic impacts of climate change

Attempts to estimate the marginal social cost of CO,
emissions in the absence of mitigation or adaptation
measures have produced an extremely wide range of
results, spanning at least three orders of magnitude.™
Table 3 illustrates the multifaceted, diverse, and
potentially extreme nature of the impacts involved,

The IPCC’s ARS chapter on impacts, adaptation and
vulnerability estimates an aggregate loss of up to 2%
GDP if global mean temperatures reach 2.5°C above pre-
industrial levels.®™ A world of unabated GHG emissions,
what might be called a business-as-usual pathway {in
which a global mean temperature increase is likely to far
exceed 2-5°C, and in which many of the kinds of impacts
in the last vow and column of table 3 are likely to be
experienced) could produce costs equivalent to reducing
annual GDP by 5-20% now, and forever, compared with
a world with no climate change, according to the Stern
Review on the Econemics of Climate Change.*”

1t may be noted that these costs are the result of a low
discount rate, the validity of which has been questioned.”®
However, the relevant point here is that the physical
impacts underlying the upper range of these costs
represent a substantial risk to human societies—what
Weitzrmann®™ has called the “fat tails” of climate-risk
distributions. The costs of mitigation may be seen to
represent a premium paid to reduce these risks and,
hopefully, avoid the worst climate outcomes entirely. In
any case, even these large costs derive from economic
models built upon climate science and impact models,
which themselves necessarily cannot fully characterise all
processes and interactions known to be of importance. ™

The macroeconomic impacts of responding to climate change

The theoretical microeconomics position on the balance
to be struck between mitigation and adaptation is clear—
there should be investment in mitigation up to the point
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where the marginal cost of further investment is higher
than the marginal cost of adaptation plus that of
remaining climate damages. In practice, the robust
identification of this point is impossible, because of the
uncertainty of the costs concerned and how they will
develop over time, the difficulties of valuing non-market
costs, and the lack of consensus over the appropriate
discount rate for such costs, when they are incurred over
long and varied time periods.™ Given that some climate
impacts {such as the phenomena in the bottom-right
corner of table 3} cannot be adapted to at any computable
cost, mitigation-focused investment would seem to be
the prudent priority at a global level. In a globally
interdependent world, even regions that might be less
negatively affected by climate change itself, could expect
considerable economic and social disruption from those
regions that were thus affected.

The macroeconomic impacts of reducing CO, emissions
derive from several sources, all of which need to be taken
into account if the overall impact is to be properly
evaluated. First, there are the impacts of the various kinds
of investments discussed above. Investments in energy
efficiency measures and technologies are often cost
effective at prevailing energy prices, and there is
substantial evidence that opportunities for such
investments are considerable” Such investments will
themselves tend to increase GDP. Investments in low-
carbon energy that are redirected from fossil fuel
investments will, where the low-carbon energy is more
expensive than fossil fuels and leaving out considerations
of avoided climate change and co-benefits, tend to reduce
GDP. However, if fossil fuel prices increase from their
currently relatively low levels and remain volatile, and the
capital costs of renewables (especially solar and wind)
continue to fall, then at some point renewable electricity
may become economically preferable to fossil-fuel derived
powet, irrespective of other factors.

Investments in low-carbon energy that are additional—
such as the extra §$1 trillion required annually as
identified above—may increase or reduce GDP
depending on whether they erploy unutilised resources
or, in a situation of full employment, crowd out more
productive investment, and whether they can build
domestic supply chains and new competitive industries
that can substitute for imporis. Whilst employment in
fossit fuel-related and emission-intensive industries
would decline over time, low-carbon technology
industries would expand and increase employment.
IRENA estimate a net global increase of 900000 jobs in
core activities alone {i.e. not including supply chain
activities}, if the level of renewable energy in global final
energy consumption doubles from 18% in 2010 to 36%
of by 2030.%* Advantages may accrue to those countries
or industries that begin investment in decarbonisation
quickly, by gaining technological leadership through
experience and innovation, affording the first maver a
competitive edge in a growing market.

For [fossil-fuel importing countries, investment in
indigenous low-carbon energy sources will reduce the
need to import fossil fuels. In the EU, the trade deficit in
energy products in 2012 was €421 billion {3.3% EU
GDP),”" and is projected to rise to €600 billion {in 2010
euros) by 2050, as the EU’s dependence on foreign fossil
fuels increases.™ Low-carbon investments that reduce
the need to import fossil fuels are macroeconomically
beneficial, with the value of these trade effects in the
future being uncertain and dependent on the price of oil
and other fossil fuels. Such uncertainty is itself a cost,
which is amplified when allied with price volatility—a
common characteristic of fossil-fuel markets.

Possible sources of finance

In the public sector (aside from the extensive resources
to be found in local, regional, national, and supranational
government budgets), sovereign wealth funds, as of
August 2014, held over $6.7 trillion in assets.” However,
in the private sector, institutional investors held a glabal
total of $75-9 trillion in assets under management in
2013 (this includes $22-8 trillion with pension funds,
$24. 6 trillion with insurance companies, and $1-5 tritlion
in foundations and endowments}.™

Institutional investors are likely to be critical sources
of finance for mitigation and adaptation due to the scale
of resources available and the presence of long-term
investment obligations. However, only 0-1% of
institutional investor assets (excluding sovereign
wealth funds) are currently invested in low-carbon
energy infrastructure  projects  ($75  billion).”
Commercial banks are also a key source of finance and
are one of the main existing sources of renewable
investment capital. The resources held by non-financial
companies are also extensive, with the largest 1000
such companies estimated to hold $23 trillion in cash
reserves.”

International financial institutions {IFIs) such as the
Bretton Woods institutions and other multilateral
development banks (MDBs), multilateral finance
institutions (MFIis), and regional investment banks
(RIBs), whilst not holding collective assets to match
those above, are also leaders in existing mitigation and
adaptation finance, and are likely to be key in building a
fow-carbon economy in developing countries; their
mandates are explicitly focused on development and
poverty reduction promoted through low-interest, long-
term loans--suitable for large infrastructure projects.
Existing dedicated funds for climate-change mitigation
and adaptation under the UNFCCC, such as the Green
Climate Fund {GCF), are also important resources. The
GCF, established by the UNFCCC in 2010 and launched
in 2013, aims to raise $100 billion of new and additional
funding per annum from industrialised nations, by 2020
(from both public and private finance}, to support
mitigation and adaptation pathways in developing
countries. In 2012, $125-9 billion of official development
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assistance {ODA} was delivered by donor countries,
equivalent to 0-29% of their combined gross national
income {GNI}, Were states to meet their ODA
commitments of 0-7% of GNI, another $174-7 billion
would be mobilised.”™

Enabling architecture and policy instruments

The mobilisation of such financial resources requires
robust policy-generated incentive frameworks, under-
pinned by credible political commitments. By the end of
2013, 66 countries had enacted 487 climate mitigation
and adaptation-related laws (or policies of equivalent
status), with a rich diversity of approaches.” The Stern
Review considered that a policy framework for CO,
abatement should have three elements: carbon pricing,
technology policy, and the removal of barriers to
behaviour change.” This three-part classification maps
closely to three policy pillars, which in turn correspond to
three different domains of change.* Figure 16 illustrates
this framework, which can be applied to develop both
mitigation and adaptation policy,

Each of the three domains reflects three distinct
spheres of economic decision making and development.
The first, satisficing, describes the tendency of individuals
and organisations to Dase decisions on habit,
assumptions, and rules of thumb, and, to some extent,
the presence of psychological distancing {discussed in
section §). Such occurrences are the subject matter of
behavioural and organisational economics, which can
explain the significant presence of unutilised
opportunities for already cost-effective energy efficiency
measures. The first pillar of policy, standards and
engagement, seeks to address these issues, resulting in
firms and individuals making smarter choices. The
second domain, optimising, describes the rational
approach that reflects traditional assumptions around
market behaviour and corresponding theories of
neoclassical and welfare economics. The second pillar of
policy, markets and pricing, seeks to harness markets,
mainly acting through producers rather than consumers,
to deliver cleaner products and processes. The final
domain, transformation, uses insights from evolutionary
and institutional economics to describe the ways in
which complex systems develop over time under the
influence of strategic choices made by large entities,
particularly governments, multinational corporations
and institutional investors. The third pillar of policy
arising from such analysis seeks to deliver strategic
investmentin low-carbon innovation and infrastructure.”*

Each of the three demains and policy pillars, whilst
presented as conceptually distinct, interact through
numerous channels. For example, as figure 16 illustrates,
whilst the impact of each policy pillar is strongest in one
domain, each of the pillars of policy have at least some
influence on all three domains. All three pillars of policy
have an important role in producing a low-carbon global
energy systermn.”*

Standards and engagement

Energy efficiency standards may take many forms.
However, all act to push a market, product or process to
higher levels of efficiency {or lower levels of emission
intensity}, through regulation. Such regulations help to
overcome market failures such as split incentives, a
prominent example of which is the landlord-tenant
problem, when the interests of the landlord and tenants
are misaligned. The problem arises because, whilst the
installation of energy efficiency measures would benefit
the energy bill-paying tenant, savings do not accrue to
the landlord who therefore has no incentive to bear the
cost of installing such measures. Instead, standards can
require their installation, or other measures to induce
the same effect.

The main typologies of standards relating to mitigation
are CO, intensity standards, energy intensity standards
and technology standards. The first two specify a target
limit for specific CO, emissions or energy consumption.
Examples are a cap on CQ, emissions from passenger
cars per kilometre driven {based on the average rating for
all cars sold per manufacturer), or on the annual energy
consumption of a new building per unit of floor area.
Both such policies (and variants) have been successfully
implemented in the EU and around the world, and have
proven effective. Technology standards may act in a
similar manner to CO, or energy intensity standards, but
may also proscribe the use of certain components in
products, or prevent the sale of the least efficient models
of a product type. Such standards may be applied with a
legal basis, or through the use of voluntary agreements.
Standards may also be applied to produce adaptation
actions, for example by amending building codes to
obligate developers to incorporate resilience measures in
new construction.

Processes and mechanisms for targeted communication
and engagement between governments, businesses,
other organisations, communities and individuals help

to overcome issues of psychological distancing,
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motivational issues, split incentives and information
agymmetry, and act to pull the market towards higher
efficiency, lower emissions and greater resilience. Such
mechanisms can take many forms and include training
and education campaigns, but aiso labelling and
certification, public reporting and cther information
disclosure and transparency measures. All these
approaches act o provide consumers and investors with
information surrounding environmental performance of
a product, service, process or organisation at the point of
use, or across the product lifecycle or organisational
operations and supply chain, in order to help them to
make informed decisions regarding investments and
purchases. This encourages organisations to mitigate
risks by reducing organisational {and possibly supply
chain} emissions and to invest in adaptation measures to
improve resilience, ensuring they retain a strong
customer base and remain a safe investment. The
introduction of these instruments may also reveal
opportunities for efficiency measures that have an
economic rationale independent of environmental
considerations.

Markets and prices
The Stern Review called the market externality of GHG
emissions in the global economy “the greatest and
widest-ranging market failure ever seen”* Carbon
pricing is the economist’s preferred means to address
this externality. Such pricing may be achieved through
national or regional explicit carbon taxes or cap-and-trade
emissions trading systems {ETS}, which are increasingly
present around the world. A carbon tax sets the carbon
price directly, but not the level of abatement, whilst an
ETS sets the level of abatement, but the price derives
from the carbon market. Regardless of the pricing
mechanism, market actors may be expected to factor the
existing and expected carbon price into short-term
operational and long-term investment decisions.
Figure 17 summarises the state of pricing mechanisms
around the world. As of june 2014, around 40 national
and over 20 subnationa! jurisdictions were engaged in
carbon pricing of varied scape and instrument design,
covering about 12% of annual global GHG emissions
{the Australian ETS was discontinued in July 2014}.* The
largest ETS is the European ETS, established in 2005,
and capping more than 40% of annual GHG emissions
from power generation and energy-intensive and
emission-intensive heavy industry across the EU-28 {plus
Norway, Iceland, and Lichtenstein). This is followed in
scale by the aggregate of the seven ETS pilot schemes in
China, described in appendix 5. As of 2014, the total value
of all explicit pricing mechanisms was around
$30 billion.®

For sectors of the economy for which explicit carbon
pricing is infeasible or adninistratively burdensome, taxes
on energy products {such as transport fuels) could be
realigned to reflect their carbon content {producing an

implicit carbon price} By implementing Environmental
Tax Reform (ETR} principles, in which the buxden of
taxation increases on environmentally damaging activities
and is reduced on desired inputs, such as labour, the
increase in energy prices can be neutralised from a
macroeconomic petspective. Parry and colleagues estimate
that corrective taxation that internalises CQ, emissions,
local air pollution, and additional transport-related
externalities {such as congestion and accidental injury}
arising from coal, natural gas, gasoline, and diesel, could
raise additional revenues of 2-6% GDP glohally, whilst
shinultaneously reducing CO, emissions by 23% and
poliution-related mortality by 63%.™ If this revenue was
used to offset labour taxation {eg, by a reduction in payrott
or other corporate taxation), revenue neutralily is achieved
whilst producing a double dividend effect of employment,
as well as environmental improvement.® Alternatively,
carbon pricing mechanisms can be used to finance,
subsidise, or otherwise incentivise investments into other
mitigation and adaptation measures, as discussed below.

In addition to pricing pollution, distorting subsidies for
the extraction and consumption of fossil fuels should be
removed, For consumers, such subsidies {aimed at
providing energy at below market price, and principally
applied in developing countries) total around $400 billion
annually,™ whilst producer subsidies {aimed at
sustaining  otherwise uncompetitive  production,
principally applied in industrialised countries}, are
around $100 biliion annually.”

Both fossilfizel subsidies and the presence of
externalities tend disproportionately ta benefit the
wealthiest in society {in both national and international
contexts), as energy consumption f{and associated
emissions) increases with prosperity, both directly {eg, via
additional travel demand, domestic heating and cooling
requirements) and indirectly through additional
consumption of energy embodied in products and
services. Globally, an estimated 80% of such subsidies
actually benefit the wealthiest 40% of the population.™
However, the introduction of carbon pricing and the
removal of fossil fuel subsidies may be regressive, as the
poorest in society spend a greater proportion of their
disposable income on energy. Reduced taxation of the low
paid may partly offset this in industrialised economies,
although Ffurther targeted support, such as the provision
of energy efficiency measures for low-income or
vulnerable households (funded by carbon price revenues
and foregone subsidy), or the introduction of electricity
tariffs differentiated by consumption Jevel, is also likely to
be required. In developing countries where most
consumer fossil-fuel subsidies are provided, and where a
greater proportion of the population is not employed in
the formal economy or have no access to electricity, more
targeted interventions to remove disproportionate effects
on low-income households, such as the expansion of
social security, health care, and education provision, will
be required.
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Strategic investment

Whilst a price on carbon is a key component {or
mitigation, it is technologically agnostic and mainly
encourages the adoption of mature low-carbon
technologies. To encourage deployment, improvement
and cost-reduction of less mature technologies, direct
investment is also required. Although various options
exist, Feed-in tariffs (FiTs), used in the electricity sector to
provide a guaranteed rate of return to low-carbon
generators, have been the most effective policy
instrument used for this purpose, and have been
responsible for a significant majority of installed global
renewable power capacity {appendix 6). A FiT'style
instrument may also be used to encourage the
deployment of non-electric renewable technologies,
including heating and cooling options.

However, FiTs and comparable instruments only
encourage diffusion and incremental improvements for
technologies around the end of the innovation chain
{market accumulation and diffusion}. For technologies in
the earlier stages (applied research to demonstration and
commercialisation), concerted R&D efforts are required,
comparabie to public and private pharmaceutical research
that has been shown to produce innovative new drugs.”
Such efforts may be analogous to the Manhattan Project
for nuclear technology, or the Apollo Program for space
flight, but focused perhaps on energy storage
technologies, which are often seen as crucial for the
effective decarbonisation of the global energy system.

pricing i
operating between nine Northeastern and Mid-Atlantic States ia the USA

Public-led strategic investment is also required in
urban low-carbon travel infrastructure {eg, segregated
cycle lanes), along with investment in electric-car
charging points. This also applies to the electricity
transmission network, which is under state ownership in
most countries. Such investments may be financed in a
number of ways, including directly by governments,
multilateral organisations, or other public bodies,
through the use of carbon pricing revenues or hy the
issuance of specialised climate honds (appendix 7).

Institutional reform and support

Beyond the appropriate selection of policy instruments
and timeframes for implementation, investments in
decarbonisation and adaptation measures will depend
on the existence of effective and suppartive governance
and well-functioning markets. Good governance
requires the well-defined division of responsibilities
between government departments, agencies and
hierarchies, enforcement of standards and regulations,
transparency at key stages of the regulatory process and
subsequent monitoring and reporting, and effective
communication  and  stakeholder  engagernent.
Additionally, governments are often the largest
consumer in the market, with public spending
accounting for 15-30% of GDP in any given country.™
Sustainable public procurement {SPP} policies act to
provide a market for efficient, low-carbon goods and
services.
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Governments may promote well-functioning markets
through the kinds of policies described above, and by
reducing institutional barriers to low-carbon investment
and innovation. For example, many pension funds across
the world are barred from investing in infrastructure,
including all in China {except the National Social Security
Fund) and many in the EU. Whilst these regulations aim
to alleviate legitimate concerns (such as preventing
pension funds from becoming an extension of
government budgets), they are often excessive and
increasingly irrelevant as funds gradually become
independent of political interference.” Reform of such
rules is essential in mobilising capital from institutional
investors, irrespective of the policy and incentive
mechanisms in place to encourage investment in
developing the low-carbon economy.

Section 5: delivering a healthy low-carbon
future

Central to this Commission’s work is the question of
whether human societies can deliver a healthy, low-
carbon future. Sections 1 and 2 have explained the
scientific basis for concern, the potential heaith
dimensions of tmpacts, and the adaptation responses
required. Sections 3 and 4 have demonstrated the
technological and economic feasibility of tackling the
problem. Yet over the past decade, global emissions have
still risen sharply. The evidence to date of humanity’s
ability to respond effectively is not encouraging. The
difficulty, essentially, is ourselves: the tendency of
humans to ignore or discount unpleasant facts or
difficult choices (something familiar to doctors); the
nature of companies and countries to defend their own
rather than collective interests {something familiar to
those working in global health); and the narrow, short-
term horizons of most human institutions, which feed
into the difficulties of global negotiations.

Qver the past century, the world has made enormous
strides in overcoming similar obstacles in the field of
health, with international cooperation on health challenges
as a shining example, The problem of anthropogenic
climate change is more recent, arguably more complex,
and the efforts to tackle it more nascent. But there are
some promising developments, and a great deal can be
learned by examining the history of efforls to date.

One conclusion evident throughout our report is that
much of the technical expertise, technology, and finance
required to turn climate change from a public health
threat into an opportunity is readily available, but
politically restricted. In essence, whether we respond to
“the biggest global health threat of the 21st century” is
no longer a technical or economic question-—it is
political. This section analyses the politics of climate
change and provides suggestions for action. We
examine the international regime {under the UN
Framework Convention on Climate Change and its
Kyoto Protocol); national policy responses; the role of

sub-national governance processes, particularly in
major cities; and the importance of individuals and
public opinion. Importantly, we stress the need for
Dbetter synergy between top-down and bottom-up
approaches. We seek to draw lessons from global health
governance mechanisms, and make suggestions for
how health-related issues can inform the climate
change negotiation process.

Three phases of response—the international regime

1t is almost 30 years since climate change emerged onto
political agendas, with three phases of response since
then, of roughly a decade each.

First phase: understanding the evidence and establishing
institutions and broad goals

The first phase established the institutional basis for
responding to climate change, induding for scientific
input into policy processes. Building on long-held
concerns of the scientific community, a series of
international workshops in the mid-1980s, hosted by the
World Meteorological Organisation and the UN
Environment Programme, led governiments to establish
the TPCC in 1988, as the official channel of scientific
advice to the international community. in 1990, the
IPCC's first report expressed emough concern for
governments to formally launch international
negotiations aimed at tackling the problem, and 2 years
fater to agree on the UNFCCC. The UNFCCC now enjoys
almost universal membership.

The UNFCCC established the “ultimate objective” of
stahilising GHG concentrations at a level that would
prevent dangerous human interference in the climate
system {UNFCCC, atticle 2). This objective has been
recently interpreted as implying that global temperatures
should not rise more than 2°C above pre-industrial levels,
an aim reiterated in frequent statements under the
UNFCCC and other international fora, such as the G8.
The 2°C goal implies a need to roughly halve global
emissions by 2050; stabilising the atmosphere at any
level ultimately means bringing net emissions {emissions
minus removals from forests, oceans, and other carbon
sinks} to zero.

The UNFCCC established that industrialised countries
would take the lead in curbing GHG emissions, setting
them a non-binding goal of returning their emissions to
1990 levels by 2000. All parties, including developing
countries, were given general commitments to address
climate change, as well as reporting ohligations. The
UNFCCC also set up a raft of institutions to monitor
implementation and pursue ongoing negotiations, under
the auspices of the main decision-making body, the
Conference of the Parties {COP).

Health concerns feature, albeit in general terms, in the
UNFCCC, which lists impacts on human health and
wellbeing as part of the adverse effects of climate change
{definitions, article 1). The only other reference requires
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parties to consider the broader implications of their
mitigation and adaptation actions on human health.*

Second phase: feading through top-down international
commitments

In 1995, governments accepted the findings of the IPCC's
second report and launched negotiations to strengthen
the UNFCCC's commitments. The working assumption
was that the international response would be led by
specific, binding emission targets for industrialised
countries, which would then be implemented at a
national level. This was the approach adopted in the
Kyoto Protacol of 1997, which built mainly on designs
proposed by the USA under President Clinton,

However, the fact that developing countries were not
subject to any such specific commitments weakened the
Protocol’s short-term impact and undermined its political
viability, particularly in the USA, where strong political
forces were opposed to any robust action on climate
change. The subsequent US repudiation of the Kyoto
Protocol made it clear that the Kyoto-type top-down
model was unworkable in these circumstances as the
principal way forward.

Third phase: bottom-up initiatives

Global negotiations continued, but with widely varying
objectives and perceptions, Whilst the EU and developing
countries continued to support a Kyoto-style approach
with specific targets, few others believed that to be
feasible, or even appropriate. Academics and
commentators increasingly argued that action happens
from the bottom up, not in response to binding top-down
commitments, and pointed to a wide range of initiatives,
including at state level in the USA, to argue that a
fundamentatly different approach was needed.

These divergent views came to a head at a summit in
Copenhagen in 2009, which collapsed in acrimony save
for two pages of unofficial outline text hammered out as a
fallback compromise, initially between the USA and
major emerging economies. The so-called Copenhagen
Accord did register some landmark achievements,
notably confirming the 2°C goal, and a promise to raise
$100 billion per year of international finance by 2020 to
help developing countries deal with climate change. In
terms of emission commitments, however, there were no
binding targets; instead, the Copenhagen Accord calied
on countries to declare domestically-generated voluntary
pledges of what they might deliver. Since then, almost all
major emitters have registered pledges, although based
on varying indicators and with very different levels of
precision and ambition.

Negotiations in Durban in 2011 saw the launch of a
new round of talks aimed at agreeing a universal
framework to deal with climate change from 2020.
According to the so-called Durhan Platform, this new
agreement should be applicable to all parties, and “raise
the ambition” of the international community.

Patchy progress in the negotiations

If global emission trends are the only indicator of
progress, the results of the negotiations to date have been
dismal. The 2014 IPCC report warned that global
emissions since 2000 have been rising ever faster at
around 2% every year, powered largely by spectacular
growth in China, and other emerging economies.™
Viewed more closely, the picture is more nuanced. Taken
together, the industrialised countries did meet the
UNFCCC's goal of returning their emissions to 1990
levels by 2000 ¢helped by massive declines in the former
Soviet Union and Eastern Bloc). The industrialised
countries that accepted targets under the Kyoto Protocol
and remained parties to that agreement also all achieved
their official goals. There is no question that in the EU,
the Protocol provided the legal framework and impetus
for strengthening mitigation policies.

The international process has also had successes in
other areas. Through the Kyoto Protocol's Clean
Development Mechanism (CDM), many developing
countries came forward with new projects that generated
cheap emission reductions {that could then be sold on to
industrialised countries}, and by most accounts
contributed to the establishment of renewable energy
industries and other low-carbon technologies. Through a
levy on CDM transactions, the Kyoto Protocol also
established a fund to help finance adaptation measures
in developing countries,

The UNFCCC also provides a crucial ingredient of
transparency. A major achievement has been in
establishing a robust system of reporting and review, for
Dboth national emissions data and broader policy actions.
in 1992, when the UNFCCC was adopted, many countries
had very little knowledge of their emissions profile—ie,
what GHGs they were emitting and from what sources,
The UNFCCC's provisions, building on the 1PCC's
methodological work, have been crucial in filling that
knowledge gap, which lays the foundation for an effective
response to climate change.

Despite patchy progress, the global negotiations
continue, and indeed are regaining momentum. it is
likely that the hybrid course set out in the Copenhagen
Accord, and ratified in 2010 by the Cancun Agreements,
of domestic aspirations, policies, and objectives will
define the primary ingredients of a future global
agreement. Perhaps most importantly, it is also now clear
that internationa} agreements must run concurrent with
{rather than precede} implementation efforts. The future
of the international negotiations will inevitably have to
combine elements of top-down and bottom-up policies
within the global framewozrk.

One indication of both the opportunities and challenges
is found in a joint US—China agreement of 2014, in which
the US Administration pledged to reduce its emissions
by 26-28% below 2005 levels by 2025, and China offered
to cap its emissions growth by 2030, or sooner if possible.
On the positive side, this is the first titne that any major
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See Onfine for appendix 8

emerging economy has stated it is willing to cap its
emission growth in absolute terms, and interactions
between the USA and China helped each to a new level of
commitment.

On the negative side, it illustrates the scale of the gap
between science and action: if viewed in terms of per-
capita emissions, it means that the USA is planning to
come down somewhat below 15 tCO, per capita, whilst
China wants headroom to reach potentially 10 tCO, per
capita by 2030, before declining. This is a far cry from
the scientific goals—a 2°C limit implies the need for a
global average close to 2 tCO, per capita by mid-century.
It emphasises that in isolation, such decentralised
policy action also seems unlikely in the aggregate to
deliver the necessary global mitigation effort effectively,
equitably, and efficiently, and points to the risks of
abandoning any collective, science-led direction to the
global effort.

There are indeed reasons for concern regarding the
international regime’s ability to deliver on its promise. ™
The international relations literature has tended to
assume that regimes start off weak, but as scientific
evidence hardens and political will increases, parties
agree to ratchet up their commitments and the regime
strengthens; this was clearly the assumption of the
early climate change negotiators. ™ It is difficult to
say, however, whether the climate change regime is
now getting stronger or weaker. On the one hand, the
regime's coverage is expanding and deepening among
the developing countries parties. The voluntary
approach of the Copenhagen Accord and Cancun
Agreements has engaged a much wider group of
countries, including all major emitters, into national
target-setting. At the same time, the Durban Platform
mandate implies that all countries, not just the
industrialised ones, are expected to raise their ambition
in the new post-2020 regime. On the other hand, the
engagement of industrialised countries is weakening
compared with in the 1990s and early 2000s, with major
emitters, such as Canada, Japan, Russia and, of course,
the USA, now operating only under the Copenhagen
Accord and Cancun Agreements, whose targets are
voluntary and net suhject to commen metrics.

The outlock for future international negotiations is
therefore challenging, to say the least. The rest of this
section turns to consider reasons why progress on this
issue is so difficuit {from both a top-down, and bottom-
up perspective}, and what can be done to change this.

The generic barviers

The technological, investment, and behavioural changes
needed to meet ambitious long-term goals, as illustrated
in sections 3 and 4, are, in principle, entirely feasible.
But they need to be accomplished in the face of highly
diverse social, cultural, economic, and political contexts.
Opposing national {and vested) interests, clashing views
of what constitutes fair distribution of effort, and a

model of economic growth that is currently tied to fossil

fuel use, can make progress [raught. There are several

key issues, as outlined by Hulme, 2009:

+ Uncertainty and complexity, The climate is naturally

variable and the science that has identified dangerous,
anthropogenic climate change to a very high level of
probability is complex. This leaves considerable room
for public ignorance or misunderstanding of the
nature and severity of the issue. Moreover, climate
scientists can be ineffective at communicating the
issue to the public.™
Climate change is psychologically distant along four
dimensions—temporal, social, geographical, and
degree of uncertainty—whereas people tend to connect
more easily with issues that are close in time, space and
social group, and about which there is little uncertainty.
These dimensions interact with each other, all tending
to dampen concern and willingness to act.*
There is enormous lock-in to current economic
patterns.” Fossil-fuel use is at the heart of the
industrial economy, often operating through long-
fived infrastructure {eg, roads, buildings, and power
plants) and enabling valued dimensions of modern
lifestyles {eg, travel and temperature control in
buildings}. It is no exaggeration to say that human
societies are addicted to fossil fuels, or at least the
services they provide. Providing these valued services
through alternative, lower-carbon means requires
systemic change over a long period.

These three factors can all come together in a fourth:

the active promotion of misinformation, motivated by

either ideology or vested econcmic interests. Here,
parallels can be drawn between public heaith efforts
to reduce tobacco consumption {appendix 8). It is
estimated that US industry spent close to $500 million
in its successful campaign against the 2010 House of

Representatives proposal to cap US emissions. A

major study of the Climate Change Counter

Movement in the USA identifies funding of around

$900 million annually.””

These ohstacles are further compounded by the
economic characteristics of responses. Low-carbon
technologies are generally more capitak-intensive than
their fossil-fuel alternatives, albeit with much lower
running costs. Their implementation therefore requires
more upfront investment and a longer time horizon,
resulting initially either in higher energy prices or higher
taxes, or some combination of the two. The same is true
of most adaptation measures; flood protection defences,
for le, are capital-i ive invi with
uncertain returns,

A large-scale shift to such technologies will require
very large investments aver a prolonged period of time,
This shift in financial flows will need to be incentivised,
in the early periods at least, by strong, consistent, and
credible public policies, and a change in financial
structures. Such policies are far from easy to introduce
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and sustain, given other political priorities that may be
perceived as more pressing, and the political complexities
indicated above,

Cities, states, and provinces: progress at the subnational
fevel

Despite all these obstacles, action does continue in varied
ways, at many levels. Local issues have long been part of
the broader agenda of international environmental
politics, and local governments have an increasingly
well-documented track record in climate action,

In the past two decades, cities have been pivotal in
producing multiple policy-making frameworks and
advocacy coalitions. This has fostered a thick texture of
para-diplomatic links and policy action around climate
change and environmental health* The rise and
cross-cutting international spread of cities as actors in
climate action also evidences a more refined pattern of
transnational connections that are not solely bottom up,
but rather offer a level of governance from the middle
that cuts horizontally across international and national
frameworks, involving an expanding variety of public-
private structures and offering a distinct variation on civil
society models of climate action.

The leaders of cities around the world, from majox
metropolitan hubs like New York and Sio Paulo, to
smaller centres like Rabat or Medellin, are increasingly
using the networked reach of their municipal
governments to address climate change in ways that are
often more flexible and more directly applied than those
of the national or international levels. Evermore city
leaders have been leveraging their network power
through international networks such as the United Cities
and Local Governments (UCLG), ICLEl Local
Governments for Sustainability, the World Mayors
Council on Climate Change and the Climate Leadership
Group {or C40).>

These groups are now a well-established presence in
the international climate change arena,™ pointing to the
emerging imprint on global environmental governance
by city leaders.® Their most crucial contribution to
climate action is that of leveraging city diplomacy to
implement specific actions on the ground via municipal
management and multi-city initiatives. In practice, this
governance from the middle is about taking advantage of
the pooled networked connections of cities to implement
a plethora of initiatives aimed at direct and quick
implementation, which then injects urban elements in
wider international processes,

Among the networks of larger cities, there is an
emerging pattern of their local policy priorities
becoming aggregated under a single strategic issue, as
seen in integrated planning, dimate, and sustainability
plans such as Sustainable Sydney 2030. Concurrently,
climate action has taken place on municipal purview
areas such as energy regulation, transport and mobility,
building retrofit, or waste management. Major centres

like New York or Tokyo, for instance, have implemented
building energy retrofit schemes across their city
infrastructures.

Taken together, such a two-headed agency can enable
cities to collectively attract and therefore release
investment capital to execute wide-ranging palicy
programmes {such as C40's Energy Efficiency Building
Retrofit programme}. This ability to leverage global
capital by effectively generating a large single market can
be highly influential insofar as the cities are able to act
quickly, often within the space of a year, and increasingly
represent a significant proportion of the world's
population and energy generation. This stands by
contrast with national governments, where climate policy
is often subsumed within other priorities rather than as
an organising aim across government.

City-level governance may also provide the fexibility
and scope to include health in actions om climate
change, with city leaders hecoming key actors in
recognising and responding to the health co-benefits of
doing so. It is important that the UN-led international
negotiations process takes account of this dimension of
multi-level governance, which operates in both formal
and informal ways.

Public opinion and behaviour

Ultimately, effective actions by local and national
governments, and by busi are inable
without supportive public opinion. Puhlic support for
stronger action on climate change is a necessary, albeit
far from sufficient, factor, and is essential if behavioural
change is to contribute to solving the problem. In this
respect, the evidence is somewhat mixed. Cross-national
studies, such as the 2013 survey presented in figure 18,
suggest that most people view climate change as a
threat, although with some significant variation within

e

regions.

Public understandings of climate change are shaped by
broader knowledge and belief systems, including
religious convictions and political beliefs.”™ There is
evidence that the public recognises that clitnate change is
complex, and interconnected with other environmental
and social challenges.* Effective communication about
climate change requires trust.”™ The most trusted sources
vary across time and place, and can include family and
friends, environmental groups, scientists, and the media;
local and city-level authorities may provide an important
conduit for communicating information from trusted
sources. For scientists to engage effectively with the
public, however, they need to seek a greater understanding
of prior knowledge and belief systems, and com-
munication skills radically different from those of
academia. They must move beyond traditional scientific
discourse to convey a big picture of climate change with
which members of the public can engage; this can then
provide a context and framing for the discussion of new
scientific results and their consequences.”™
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Public responses to climate change

The causes of climate change lie ultimately in human
behaviour, in particular in the economies and lifestyles of
rich societies.”” However, it has been science, rather than
social science, that has underpinned climate change
communication and policy development.™ There is as
yet little evidence on how to change behaviours that
contribute to climate change but taking broader

evidence on the determinants of behaviour and
behavioural change, four themes stand out.

First, knowledge deficits are not the primary barrier to
action; knowing about the causes and consequences of
climate change does not, on its own, motivate people to
change their lifestyles.™® Instead, it is emotions—the
feelings that accompany thinking—that are central.™
Negative emotions, including fear, pessimism, and guilt,
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can produce passive and defensive responses, and do
little to encourage individuals to change their behaviour
and to press for wider social action. So-called fear appeals
only work if accompanied by equally strong messages
about how to address the problem.’ Representations of
climate change as inexorably heading for catastrophe
close off the possibility that individual and collective
action can make a difference.”

Second, climate change is best represented in ways
that anchor it in positive emotions,™ by framing action
in ways that connect with people’s core values and
identities. Examples include framing climate change as:
an ethical and intergenerational issue; about
safeguarding ancestral lands and the sanctity of the
natural world; or an appreciation of the global injustice
of anthropogenic climate change driven by rich
countries but paid for by poorer ones.”** Aligning
climate change to a range of ethical positions and a core
set of identities can offer a way of appealing to diverse
social groups, and thus securing a broad and inclusive
platform of public support for action. This could be
facilitated by avoiding the rhetoric of climate
catastrophe, and emphasising, instead, human capacity
to steer a way to a sustainable future, including lifting
the burdens that unmitigated climate change would
otherwise impose on future generations.™ "

Third, integral to such an ethical framing of climate
change is the implied duty on national and international
organisations to take action. A recurrent finding is that
the public sees the main responsibility for action lying
with governments and other powerful institutions, not
least because the options open to individuals to take
radical action to cut their own GHG emissions are often
sorely limited by cost or availability {eg, poor public
transport provision). Public willingness to take action is
also contingent on those considered responsible for
climate change taking action themselves.” The majority
of the public in cross-national surveys believe that their
country has a responsibility to take action on climate
change, and that their government is not doing enough.™

Fourth, many climate-affecting behaviours are habitual
and resistant to change. Everyday domestic energy use
{eg, cooking, heating the home}, travel behaviour, and
eating patterns are undertaken as part of a daily routine
and without conscious thought. Such behaviours are
resistant to change, even if alternative options are
available, and interventions relying on increasing
knowledge have limited effect.”

Conclusions

ft is dear that in isolation, a top-down approach
{international agreement followed by national legislation
with which individuals and business must comply} to
managing climate change is ne longer a sufficient
response. Other actors are already taking steps
independent of any agreement to reduce their emissions,
and a voluntary transformation to a low-carbon economy

may already be underway. At the same time, as indicated
throughout this report, these bottem-up initiatives have
hardly, as yet, taken us any closer to the scale of global
action required to protect human health against the risks
of climate change, than has the decade of targets under
the Kyoto Protocol.

Section 1 has underlined the way in which the
continued acceleration of GHG emissions and
atmospheric concentrations, mapped on to changing
global demographics, is making climate change an
increasingly severe risk to global health. Despite the
threat that climate change poses to humnan development,
it remains but one of many factors influencing decision
makers, and rarely the mostimportant one. Precautionary
adaptation is clearly inadequate and prevailing patterns
of energy production and consumption are still driving
the world towards a dangerous climatic future. Current
economic drivers of growth lock communities into
patterns of energy use which no amount of reframing
can change unless coordinated realignment of these
drivers takes place. And the argument that others should
be doing more to tackle climate change, because they are
more to blame, remains one of the most politically potent
excuses for inadequate action.

Thus the challenge, and the crucial test of the
international process, will be finding a synthesis of top-
down and bottom-up forces. An effective international
agreement will be one that supports stronger efforts
everywhere and at every level. The diverse worlds of
bottom-up initiatives in cities, companies and many
others should in turn help overcome the obstacles that
impede the ability or willingness of national governments
to commit to stronger national actions. To be truly
effective, any future agreement will thus need not only to
agree goals and aspirations, but also identify what is
necessary at the international and national levels to
achieve them. This may also require a mechanism, such
as a feedback loop, that will motivate increased national
ambitions over time. A system of review will be a crucial
component, with regular assessments of the effectiveness
of national policies, actions, and targets.

Section 6: bringing the health voice to climate
change

Qur studies point to multiple ways in which the health
agenda may help accelerate the response to climate
change. First are the positive lessons for international
cooperation. No-one would suggest that national action
to protect health should depend om a global,
all-encompassing treaty, Yet few would deny that WHO
and numerous other fora of international cooperation

are important in accelerating, coordinating, and
deepening r 10 health chall particularly,
but not exclusively, those with transboundary

dimensions. The health experience neatly illustrates the
falsity of the dichotomy between top-down and bottom-
up: one measure of success is how each can reinforce
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the other. lLearning from the health experience may
illuminate the most effective actions at a particular level
or levels of governance, and how the muitidevel
governance framework and international negotiation
process can mutually reinforce actions at different levels,

Second, political lessons from health have particular,
and largely encouraging, resonance for a climate dialogue
increasingly characterised by pessimism about the ability
to control the problem. The denialism of HIV, responsible
for perhaps a million deaths, did eventually give way to
global acceptance of the science. 50 years of tobacco
industry resistance and obfuscation of the science on
Jung cancer has to a large extent been overcome,
including with recognition embodied in WHO's
Framework Convention on Tobacco Control, that
governments have a duty to resist such lobbying forces.

Third, the health implications could and should be
more effectively harnessed in efforts to build support for
astronger response to climate change. The health impacts
of climate change discussed in this Commission are not
well represented in global negotiations, hut they are a
critical factor to be considered in mitigation and
adaptation actions. A better understanding of the health
impacts of climate change can help to drive top-down
negotiations and bottom-up action in many realms. A
sophisticated approach is needed, which draws on the
universal desire to tackle threats to health and wellbeing
{without any particular philosophical slant), in order to
motivate rapid action, and a policy framing that is more
human than purely environment, technology, or economy
focused. This requires making the impact of climate
change on people explicit, rather than implicit. By
considering directly how climate change will impact on
human health, we are naturally drawn to the human
component of climate impacts, rather than the
environmental {flooding, forest fires) or more abstract
effects (the economy, the climate). This supports a human
framing of climate change, putting it in terms that may
Dbe more readily understood by the public. Fostering such
public resonance can act as a powerful policy driver
public pressure is, of course, a crucial factor motivating
both national governments and their negotiators in the
international arena.

Fourth, local health benefits could in themselves help
to drive key adaptation and mitigation actions. The
numerous health co-benefits of many adaptation
measures were emphasised in section 2, whilst
section 3 noted substantial health co-benefits of many
mitigation measures. Examples of the latter include the
reduced health risks and costs when populations live in
well-insulated buildings, and the reduction in air
pollution (and other health) damages associated with
fossil fuel use, which, as noted, even in strictly
economic terms typically amount to several percent of
GDP, as well as adding directly to the strain on limited
health-care resources, With the direct costs of deep cuts
in emissions estimated at around 10% of global

expenditure on health, both the direct and indirect
heaith dimensions should be a major driver for
mitigation efforts. It is also commonly seen that
responding to climate change from a public heaith
perspective brings together both mitigation and
adaptation interventions, yielding powerful synergies.

Fifth, analogies in health responses can also help to
undertine that there is rarely a single solution to complex
problems: different and complementary measures are
required to tackle different dirmensions, and pursuing
both prevention (mitigation} and treatment {adaptation}
is cructal:

With severely ill or vulnerable patients, the first step is to
stabilise the patient and tackie the immediate symptoms.
Helping poor countries particularly to adapt to the impacts
of climate change is similarly a priority. But as noted in
section 2, adaptation cannot indefinitely protect human
health in the face of continuing and accumulating degrees
of climate change, any more than tackling the symptoms
will cure a serious underlying disease.

« For infectious diseases, antimicrobials and a
functioning health system to produce, distribute, and
administer drugs effectively are essential components.
The obvious analogy here is with specific greenhouse
gas mitigation policies, such as energy efficiency
programumes and technology programmes that span
the full spectrum from R&D through to policies to
support industrial scale deployment and related
infrastructure.

Deeply-ingrained patterns of behaviour are best
addressed by comprehensive approaches and the use of
multiple policy levers. Evidence from studies of heaith
behaviour change suggests that, to be sustained,
changes in the individual's everyday environments are
required. Structural levers are also important for
addressing social inequalities in harmful behaviours.
Such evidence could be harnessed to inform policies to
address climate change—eg, the behaviour change
checklists developed to guide policy to reduce tobacco
use and tackle harmful alcohol consumption may be
particularly useful. Applying lessons from health
behaviour change may help to accelerate policy
development, building an evidence platform for
interventions to promote mitigative and adaptive
behaviours,

As with the evolution of drug-resistant bacteria, the
challenges of drug addiction, or the rising heaith
problems of obesity, medical fixes cannot solve alf
health problems. Similarly, in our energy systems,
specific mitigation policies and projects are canstantly
faced with the ingenuity of the fossil fuel industry in
finding and driving down the costs of extracting new
fossil fuel resources and marketing them. The long-
term antidote is more analogous to programmes of
sustained immunisation, education, incentives, and
enforcement, all oriented towards supporting healthier
lives.
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The single most powerful strategic instrument to
inoculate human health against the risks of climate
change would be for governments to introduce strong
and sustained carbon pricing, in ways pledged to
strengthen over time until the problem is brought
under control. Like tobacco taxation, it would send
powerful signals throughout the system, to producers
and users, that the time has come to wean our
economies off fossil fuels, starting with the most carbon
intensive and damaging like coal. In addition to the
direct incentives, the revenues could he directed to
measures across the spectrum of adaptation, low-carbon
innovation, and the global diffusion of better
technologies and practices. As outlined in section 4,
carbon pricing thus has immense potential, particularly
when emhedded in comprehensive policy packages.
This most powerful antidote, however, still faces many
political obstacles,

The crux of the matter is that stabilising the atmosphere
at any level ultimately requires reducing net emissions to
zero. A healthy patient cannot continue with indefinitely
rising levels of a toxin in the blood; even nutrients
essential to a healthy body (like salty can become
damaging if not stabilised. The climate-change analogy
is obvious and focuses global attention on the need to
stabilise atmospheric concentrations, which in climate
terms, means getting net emissions {that is, emissions
minus removals by forests, oceans, and other sinks) to
zero. On most scientific indicators, it means getting to
zero during the second half of this century. A unifying
goal, therefore may be a commitment to achieve zero
emissions based on multiple partnerships involving
different actors. If any region can achieve net zero, there
is no fundamental reason why that should not become
global. Getting to net zero also focuses us on a common
task: how to get there, which is potentially harder for the
societies that have become more dependent on fossit
fuels, whilst in developing countries, it sends a clear
signal that the sooner their emissions can peak, the
better for their own path towards that common goal. If
the goal is net zero, all actors in all societies have a sense
of the direction of the international framework for action
in order to protect everyone’s health against the risks
posed by continual increases in the global concentration
of heat-trapping gases.

A Countdown to 2030: global heaith and climate action
if we are to minimise the health impacts of climate
change, we must monitor and hold governments
accountable for progress and action on emissions
reduction and adaptation. One might argue that action
on climate change is already effectively addressed by the
1PCC, World Bank, UNFCCC, WHO, and the G20. We
Delieve, however, that the health dimension of the climate
change crisis has been neglected. There are four reasons
why an independent accountability and review process is
warranted:

1 The size of the health threat from climate change is
on a scale quite different from localised epidemics or
specific diseases. On current emissions trajectories
there could be serious population health impacts in
every region of the world within the next 50 years.
There is a widespread lack of awareness of climate
change as a health issue.*”

Several independent accountability groups have
brought energy, new ideas and advocacy to other

global health issues. For example, the Institute of

Health Metrics and Evaluation in Seattle have led
analyses of the Glohal Burden of Disease, the

Countdown to 2015 child survival group has
monitored global progress since 2003, and the Global

Health 2035 group have stimulated new ideas about

global health financing.

Perhaps the paramount reason for an independent
review is the authority of health professional voices
with policy makers and communities. Doctors and
nurses may be trusted more than environmentalists,
They also bring experience of collating evidence and
conducting advocacy to cut deaths as a result of

tobacco, road traffic accidents, infectious disease, and
tifestyle-related non-communicahle diseases.

We propose the formation of an independent
international Countdown to 2030: global health and
climate action coalition, along the same lines as other
successful global health monitoring groups. We
recommend that a broad international coalition of
experts across disciplines from health to the
environment, energy, economics, and policy, together
with lay observers, drawn from every region of the
world, should monitor and report every 2 years. The
report would provide a summary of evidence on the
health impacts of climate change; progress in
mitigation policies and the extent to which they
consider and take advantage of the health co-benefits;
and progress with broader adaptation action to reduce
population vulnerability and to build climate resilience
and to implement low-carbon, sustainable health
systems.

A Countdown process would complement rather than
replace existing IPCC and other UN reports. UN
reports understandably seek cautious consensus. An
independent review of progress would add the full
weight and voice of the health community and vaiuable
metrics to this critical population health challenge. A
Countdown to 2030: global health and climate action
coalition would independently decide the structure of
their reports and the sentinel indicators they would
choose to monitor progress towards key outcomes,
policies and practice. Panel 9 outlines one possible
framework for monitoring progress in three critical
areas; health impacts; progress with action to reduce
GHG emissions; and progress with actions to support
adaptation, and the resilience of both populations and
health systems, to climate change.
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Optimism

We should draw considerable strength in the face of the
challenges of climate change from the way in which the
global community has addressed numerous other threats
to health in the recent past. Although the threats are
great and time is short, we have an opportunity for social
transformation that will link solutions to climate change
with a progressive green global economy, reductions in
social inequalities, the end of poverty, and a reversal of
the pandemic of non-communicable disease,

There are huge opportunities for social and technological
innovation. We have modern communications to share
successful local learning. At the highest levels of state,
there are opportunities for political leaders to grasp the
global challenge with transformative climate initiatives of
a scale and ambition to match the Marshall plan, the
Apollo and Soyuz space programmes, and the commercial
success of mobile telephony. Scalahle, low-carbon, and
renewable energy technologies require billions of dollars
of new investment and ideas. In cities, municipal
governments are already bringing energy and innovation
to create connected, compact urban communities, better
buildings, managed growth, and more efficient transport
systems. In local communities transformative action
creates greater environmental awareness and facilitates

Iow-carbon transition. And within local government, civil
society, and business, many people aim to bring about
social and economic transformation. All of us can help cut
GHG emissions and reduce the threat of climate change
to our environment and health, At every level, health must
find its voice. In health systems we can set an example
with scale up of renewables, combined heat and power
generation in health facilities, decentralisation of care and
promotion of active transport, and low-carbon healthy
tifestyles. But time is limited. Immediate action is needed.
The Countdown to 2030 coalition must begin its work
immediately.
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Tackling climate change: the greatest opportunity for

global health

“Tackling climate change could be the greatest global
heaith opportunity of the 21st century.” This finding,
the central message of the second Lancet Commission
on Heaith and Climate Change, attempts to answer
the stark conclusion of the first Lancet Climate Change
Commission, published in 2009—namely, that *Climate
change is the higgest global health threat of the 21st
century.”?

When climate change is framed as a health issue,
rather than purely as an environmental, economic,
or technological chaflenge, it becomes clear that we
are facing a predicament that strikes at the heart of
humanity. Health puts a human face on what can
sometimes seem to be a distant threat. By making
the case for climate change as a health issue, we hope
that the civilisational crisis we face will achieve greater
public resanance. Public concerns about the health
effects of climate change, such as undernutrition
and food insecurity, have the potential to accelerate
political action in ways that attention to carbon dioxide
emissions alone do not.

To facilitate action to address the threat of cdimate
change, 2015 Commission Health and
dimate Change' provides nine recommendations for
governments to consider. They include: scaling up
financing for climate-resifient health systems worldwide;
ensuring a rapid phase out of coal from the global energy
mix; encouraging a transition to cities that support
and promote healthy lifestyles for the individual and
the planet; establishing the framework for a strong,
predictable, and international carbon pricing mechanism;
rapidly expanding access to renewable energy in low-
income and middie-income countries; ensuring adequate
local capacity and political support to develop low-
carbon healthy energy choices; adopting mechanisms
to facilitate collaboration between Ministries of Health
and other government departments and empowering
health professionals; agreeing and implementing an
international agreement which supports countries in
transitioning to a low-carbon economy; and investing in
climate change and public heafth research.

Despite the optimism of the Commission, we
recognise and acknowledge a widespread fack of

our on

awareness of climate change as a health issve. To
overcome this gap in understanding, the 2015 Lancet
Commission proposes the formation of an independent,
international Countdown to 2030: Global Health and
Climate Action coalition to monitor progress and action
on the heaith dimensions of the climate crisis. Heaith
professionals have a vital part to play in tackling the
health impacts of climate change. The Commission
calls on health professionais to fead the response to the
health threats of climate change.

Tackling the health threats of climate change wilt
also need an international multidisciplinary approach.
The 2015 Lancet Commission represents a unique
collaboration between European and Chinese academics,
involving climate, social, political, and environmental
scientists, geographers, experts in biodiversity and
energy policy, engineers, economists, and, of course,
health professionals. The Lancet Commission on Heaith
and Climate Change has been led by both the University
Colege London Institute for Global Health in the UK and
Tsinghua University in China, with working meetings
held and launch events planned in both London and
Beijing. The Lancet has sought to foster coliaboration
between great universities and research institutes
globaily to address these neglected but serious threats
to human health. We have pledged our fong-term
support to the work of the two Lancet Climate Change
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Commissions. We will continue to engage actively in
the campaign to address the health threats of climate
change, using the best available science as a platform for
our advocacy work. We will also continue our strategic
colfaboration with Commissioners and repart the work
of the Countdown to 2030 project every 2 years.

Climate change is the defining challenge of our
generation. Health professionals must mobilise now
to address this challenge and protect the heaith and
wellbeing of future generations.

Helena Wang, Richard Horton

The Lancet, Beijing 100738, China (HW); and The Lancet, London,

UK (RH)

We thank the Co-Chairs of the Lancet Commission on Health and Glimate
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Achieving a cleaner, more sustainable, and healthier future

In 2009, as countries prepared to negotiate a global
climate treaty in Copenhagen, Denmark, the front
cover of the fist Lancet Commission on Health and
Climate Change’ issued a stark warning: “Climate
change is the biggest global health threat of the 21st
century”.! This warning was not heeded: the overalt
agreement fell short of the necessary ambition,
and health was noticeable by its absence from the
negotiations. However, over the longer term, the
Commission made its mark, contributing to a gradval
but increasing engagement of the health community.
As countries prepare again to reach a global deal on
climate change, in Paris, France, in December, 2015,
the health voice is louder, ctearer, and increasingly
listened to by our colleagues leading the negotiations.

The faunch of the second Lancet Commission on
Health and Climate Change® is therefore very timely. it
is welcome not just for the summary of the evidence,
but also for the wider scape, which makes connections
between climate, health, economics, and energy
decisions. | also congratulate the Commission for a
comprehensive, ambitious, and forward looking set of
recommendations, and encourage national Ministries
of Heaith, and all health professionals, to consider
each of them carefully. | would like to single out three
of them where WHO will make a direct and specific
contribution.

The first is the Commission’s recommendation to
scale up financing for climate-resilient health systems
worldwide. WHO has estimated, considering only
a few of the associated health risks, and assuming
continued progress in economic grawth and health
protection, that climate change would still be likely
to cause about 250000 additional deaths per year
by the 20305 The best defence is the same one that
will protect us from autbreaks of infectious disease,
and the mounting burden of non-communicable
diseases: strong, flexible, and resilient health systems.
In February, 2015, the WHO Executive Board endorsed
a new workplan on climate change and health.* A
central goal is to scale up a systematic approach to
strengthening health systems, to incude specific
measures to adapt to a changing climate, such as
early-warning systems for more frequent and severe
heatwaves, and protection of water, sanitation, and

hygiene services against floods and droughts. As
doing so will require additional resources, health
needs to receive appropriate support from existing
international climate finance mechanisms, which has
not yet been the case,

The second area is the set of recommendations on
assessing the health implications of energy systems,
and ensuring that these are factored in to overall
government policies. in 2014, WHO documented that
more than 7 million deaths every year are attributable
to air poliution® This makes it one of the most
important health risk factors globally, comparable
to tobacco smoking, and the largest killer in some
countries. Globally, 88% of the world's population
breathes air that does not meet WHO's air quality
guidelines.® This is partly due to poverty and lack of
access to clean energy—but it is also a result of policy
choices. The health impacts of air poflution are not
reflected in the price of the fuels that cause them, so
that the cost is instead borne in lost lives, and health
system expenditure. A recent report by researchers
at the International Monetary Fund identifies the
omission of heaith damages fram poliuting fuels as
the largest of the subsidies provided to global energy
production and use, which will total US$5.3 triflion in
2015. This is larger than totat health spending by all of
the world’s governments. 1 am pleased to report that in
May, 2015, the World Heaith Assembly passed its first
resolution on air potiution ®This calls on countries, and
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the WHO Secretariat, to scale up their response to this
major health issue, strengthening the health sector’s
contribution to decision making across sectors at
local and national fevels to clean the air and maximise
health benefits. It also underscores opportunities to
achieve cobenefits from actions that reduce emissions
of warming climate-altering pollutants and at the
same time improve heaith. We will indeed address the
challenge of air pollution, and help guide countries
to, wherever possible, make choices that also help to
achieve climate change goals.

Third, the Commission highlights the need for
monitoring and assessment of progress, similar to the
Countdown to 2015 initiative® that has helped to drive
progress on reducing maternal and child mortality.
This is critical: what gets measured gets done. Last
year, at the first WHO global Conference on Health and
Climate, the Executive-Secretary of the United Nations
Framework Canvention on Climate Change Secretariat
and | committed to produce country-specific profiles
on health and climate change in advance of the Paris
climate change conference. These compile the best
available evidence on climate risks to health, on the
opportunities to improve heaith while reducing
greenhouse gas emissions, and on the status of
country policies. These can also serve as the baseline for
monitoring future progress.

Finally, | draw attention to the Commission’s
message that the health community has a vital part to
play in accelerating progress to tackle climate change.
To quote UN Secretary-General Ban Ki-moon: “There is
no plan B; there is no planet B". Health professionals

have been at the forefront of sacial changes, such as
those that have gradually made smoking increasingly
unacceptable, driving down smoking rates—and
saving many lives. | endorse the call for the health
community to support the growing mavement for a
cleaner, more sustainable, and healthier future.

Margaret Chan

World Health Organization, CH-1211 Geneva 27, Switzerland
faresc@who.int

1am Director-Genera of WHO. | declare that t have no competing interests.

© 2015, World Health Organization. Published by Elsevier Lid/finc/BV. Alf
rights reserved.
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Reduce short-lived climate pollutants for multiple benefits

Deep cuts in carbon dioxide emissions are urgently
needed to prevent dangerous climate change, but
they must be complemented by reductions in short-
fived climate pollutants (SLCPs), which produce a
strong global warming effect but have relatively brief
atmospheric fifetimes (figure). SLCPs generally cause
more radiative forcing per kg than carbon dioxide,
and their mitigation could have a greater effect on
climate change in the near term (in some cases aimost
immediately)—eg, by reducing the melting of snow
and ice.

Some SLCPs, namely black carbon (a component
of combustion-derived particulate matter) and
tropospheric ozone, are also strongly associated
with adverse health outcomes, whereas others {eq,
methane) are ozone precursors.”* Black carbon is
often coemitted with other particufates and ozone
precursors, and its often clears these
particulates as a by-product, therefore enhancing the
health benefits of emission reductions. Reduction
of these poliutants therefore provides a unique
opportunity to simultaneously mitigate climate
change and improve population health in the near
term, with benefits realised on a temporal and spatial
scale relevant to policy makers.

Mitigation of SLCPs can pravide health benefits in
three ways. First, a decrease in black carbon and its

removal

coemissions, or emissions of ozone precursors, will
reduce the substantial health burden attributable to
air pollution. This reduction is a direct route to climate
and health cobenefits and is most often the focus of

policy discussion. Air quality improvements, from
implementation of nine proposed mitigation actions
targeting black carbon assessed by the UN Environment
Programme and World Meteorological Organization, are
estimated to prevent about 2-4 million deaths annually.®
Reduction in ozone exposure can also benefit heaith
because it is responsible for roughly 150000 deaths
annually worldwide.*

Second, the indirect effects of emission reductions can
yield cobenefits. For instance, ozone and black carbon
cause warming and decrease agricultural yields, thus
threatening food security for poor individuals; ozone is
toxic to many plants, whereas black carbon diminishes
the amount and quality of sunlight available for
photosynthesis.*

Third, health benefits directly related to some SLCP
mitigation actions can accrue independently of reduced
air pollution, For example, in affluent populations,
improved diets with reduced consumption of red and
processed meat, together with increased consumption
of plant-based foods, especially fruit and vegetables,
can improve health, lessen demand for land, and reduce
emissions of SLCPs.**

Some mitigation actions take advantage of al three
mechanisms (table). Encouragement of active travel
instead of mechanised transport, for instance with
construction of safe walking and cycling networks, can
reduce population exposure to various risk factors, such
as air and noise pofiution, physical inactivity, and, with
proper planning, road traffic injuries.® Interventions
promating clean household energy solutions also offer

Haien i hesth
RedJcafmdsécuv ;
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Figure: Properties of common short-lived climate pollutants

Adapted from UN Environment Progracame;” by permission of the Climate and Clean Ais Coalition.

weww.thelancet com Published onfine June 23, 2015 http://dx.doi.orq/10.1016/50140-6736(15)61043-1

@%

Publishad Oatine

June 23,2035
htpffdx dot.arg/10.1016/
S0140-6736(15)61043-1
See OnfinefThe taset
Commissians

hittp://dx doi.org/10.1016]
50140-6736(15)60854-6



Comment

161

See indine for appendix
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a range of ancillary benefits such as reduced exposure to
household air poflution, fewer injuries and burns, and
reduced time and energy spent on colfection of solid
fuel, such as wood and dung.

Policies refated to SLCPs are particularly appealing
if they also reduce carbon dioxide, which will largely
determine fong-term climate change. In some cases,
mitigation of SLCPs (eg, increased use of diesel particle
filtersy might have little effect on carbon dioxide. For
some mitigation measures, however, carbon dioxide
coreductions can be farge, including measures that have
great potential to improve health (table). Such examples
include support for active travel and promotion of low
emission vehicles.

Despite the benefits of mitigation, emissions of SLCPs
have been rising in many areas.” This might be partly
attributable to low awareness of the adverse effects of
these poliutants, but practical impediments also exist.
Some uncertainties arise from scientific questions,
particularly regarding the net climate effect of black
carbon and coemitted carbon species, However, new
analyses have identified the sources that present
particularly good opportunities for climate mitigation,
including emissions from diesel and kerosene
combustion, some industries (eg, traditional brick and
coke production), and residential use of solid fuels.>*

The key to the facilitation of policy action is therefore
to pramote more inclusive accounts of the benefits
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versus costs of SLCP mitigation. Three strategies for
action are of primary importance. The first relates
to the use by the UN Framework Convention on
Climate Change of the 100-year time horizon (known
as Global Warming Potential 100} as the metric for
climate change. The use of this metric has encouraged
incentives necessary for fong-term projects, but gives
insufficient attention to actions (such as mitigation of
SLCPs) that might reduce near-term climate change and
create healthy and resilient populations. Policy makers
should therefore consider various effects by using many
or broader metrics. 2

Second, the cobenefits approach implicitly assumes
that governments use various metrics to assess policies
and prioritise those fulfilling several objectives in
parallel. However, governments are often organised
into defined departments and some interventions,
such as the promotion of active travel, are potentially
controlled by mare than one department {eg, transport,
health, and environment). Although any single policy
alone might prove cost effective to one department,
the appeal is likely to be far greater when muitiple
outcomes of relevance to different departments
are considered. Similarly, integrated development
between departments can enhance synergies. Cities
designed to be compact and pedestrian friendly, with
complementary services located in close proximity, can
reduce traffic {and pollution) and facilitate walking and
cycling® improved planning also alfows for efficient
energy supply and enables more cost-effective delivery
of essential services such as waste collection.® Hence,
systems to foster cross-sectoral collaboration should be
enhanced to identify and adopt mitigation actions with
diverse benefits.

The final issue is to reject the belief that the
environmental challenges that the population faces are
the inevitable result of exercising personal choice, Lifestyle
choices do nat arise in a vacuum and are legitimate
subjects for democratic debate and government action.
What we eat, how we travel, and the energy sources we
use are a function of policy decisions, institutions, and
infrastructure, none of which are immutable.
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he Earth’s changing climate is affecting human health and the environment in many

ways. Across the United States (U.S.), temperatures are rising, snow and rainfall patterns

are shifting, and extreme climate events are becoming more common. Scientists are
confident that many of the observed changes in the climate are caused by the increase in
greenhouse gases (GHGs) in the atmosphere. As GHG emissions from human activities increase,
many climate change impacts are expected to increase in both magnitude and frequency over
the coming decades, with risks to human health, the economy, and the environment.

Actions can be taken now to reduce GHG emissions and avoid many of the adverse impacts of
climate change. Quantifying the benefits of reducing GHG emissions {i.e., how GHG mitigation
reduces or avoids impacts) requires comparing projections of climate change impacts and dam-
ages in a future with policy actions and a future without policy actions. Looking across a large
number of sectors, this report communicates estimates of these benefits to the U.S. associated
with global action on climate change.
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About this Répbrt

This report summarizes and communicates the results of EPA's ongoing Climate Change Impacts and Risk Analysis (CIRA) project.
The goal of this work is to estimate to what degree climate change impacts and damages to multiple U.S. sectors {e.g., human
health, infrastructure, and water resources) may be avoided or reduced in a future with significant global action to reduce GHG
emissions, compared to a future in which cutrent emissions continue to grow. Importantly, only a smalf portion of the impacts of
climate change are estimated, and therefore this report captures just some of the total benefits of reducing GHGs.

To achieve this, a multi-model framework was developed to estimate the impacts and damages to the human health and
welfare of people in the U.S. The CIRA framewaork uses consistent inputs {e.g., socioeconomic and climate scenarios) {o enable
consistent comparison of sectoral impacts across time and space. In addition, the role of adaptation is modeled for some of the
sectors to explore the potential for risk reduction and, where applicable, to quantify the costs associated with adaptive actions.

The methods and results of the CIRA project have been peer reviewed in the scientific literature, including a special issue of
Climatic Change entitled, "A Multi-Mode! Framework to Achieve Consistent Evaluation of Climate Change Impacts in the United
States!”' The research papers underlying the modeling and results presented herein are cited throughout this report and are listed

in Section B of the Technical Appendix.

Interpreting the Results

This report presents results from a farge set of sectoral impact
maodels that quantify and monetize climate change impacts in
the U.S., with a primary focus on the contiguous U.S,, in futures
with and without global GHG mitigation, The CIRA analyses are
intended to provide insights about the potential direction and
magnitude of climate change impacts and the benefits (avoided
impacts) to the U.S. of global emissions reductions. However,
none of the estimates presented in this report should be
interpreted as definitive predictions of future impacts at a
particular place or time.

The CIRA analyses do not evaluate or assume specific GHG
mitigation or adaptation policies in the US. or in other world
regions. Instead, they consider plausible scenarios to ittustrate
potential benefits of significant GHG emission reductions
compared to a business-as-usuat future. The results shouid not
be interpreted as supporting any particular domestic or global
mitigation policy or target. A wide range of giobal mitigation
scenarios could be modeled in the CIRA framework,? and results
would vary accordingly. For ease of communicating resuits,
however, this report focuses on a future where the increase in
average global temperature is limited to approximately 2°C
{3.6°F} above preindustrial levels—a goal relevant to interna-
tional discussions on GHG emission reductions.®

4

This report includes as many climate change impacts as
feasible at present, but is not all-inclusive, It is not intended
to be as comprehensive as major assessments, such as those
conducted by the U.S. Global Change Research Program
{USGCRP}, which capture a wider range of impacts from the
pubtlished literature * By using a consistent set of socioeco-
nomic and climate scenarios, CIRA produces apples-to-apples
comparisons of impacts across sectors and regions—some-
thing that is not always achieved, or even sought, in the
major assessments. Also, the assessments typically do not
manetize damages, nor do they focus on quantifying mitiga-
tion benefits. CIRA' ability to estimate how global GHG
mitigation may benefit the U.S. by reducing or avoiding
climate change impacts helps to filf an important literature
and knowledge gap.

The CIRA analyses do not serve the same analytical purpose
nor use the same methodology as the Social Cost of Carbon
(SCC), an economic metric quantifying the marginal global
benefit of reducing one ton of carbon dioxide (CO,).* In
addition, the costs of reducing GHG emissions,® and the health
benefits associated with co-reductions in other air poffutants,
are well-examined elsewhere in the fiterature? and are beyond
the scope of this report.
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limate change poses significant risks to humans and the environment. The

CIRA project quantifies and monetizes the risks of inaction and benefits to the

U.S. of global GHG mitigation within six broad sectors (water resources, electricity,

infrastructure, health, agriculture and forestry, and ecosystems). Looking across the

impact estimates presented in this report, several common themes emerge.!

Global GHG
Mitigation Reduces
the Frequency of
Extreme Weather
Events and
Associated Impacts

Global GHG mitigation is
projected to have a substantial
effect on reducing the
incidence of extreme tem-
perature and precipitation
events by the end of the
century, as well as the impacts
to humans and the environ-
ment associated with these
extreme events.? For example,
by 2100 mitigation is project-
ed to avoid 12,000 deaths
annualty associated with
extreme temperatures in 49
U.S. cities, compared to a
future with no emission
reductions. inclusion of the
entire U.S. population would
greatly increase the number
of avoided deaths, while
accounting for adaptation
could reduce this number,

Global GHG
Mitigation Avoids
Costly Damages
inthe U.S.

For nearly all sectors
analyzed, global GHG
mitigation is projected to
prevent or substantially
reduce adverse impacts

in the U.S. this century
compared to a future
without emission reduc-
tions, For many sectors,
the projected benefits of
mitigation are substantial;
for example, in 2100
mitigation is projected to
result in cost savings of
$4.2-97 4 billion associated
with avoided road mainte-
nance. Global GHG mitigation is also projected to avoid the loss of 230,000-360,000 acres of
coldwater fish habitat across the country compared to a future without emissions reductions.
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impacts Vary across Time and Space

important regional changes may be masked when resuits are presented at the national level. For example, the wildfire analysis
reveals that the projected changes in the Southwest and Rocky Mountain regions are the primary drivers of national trends of
increasing wildfire activity over time.

The temporal scale of climate change impacts is also important. While some impacts are likely to occur gradually over time,
others may exhibit threshold (tipping point) responses to climate change, as large changes manifest over a short period of time.
For example, high-temperature bleaching events projected to occur by 2025 are estimated to severely affect coral reefs in the
Caribbean. Therefore, simply analyzing an impact in one time periad (e.g., 2100) may mask impartant temporal dynamics that are
relevant to decision makers,
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This graphic presents a selection of the estimated benefits of global GHG mitigation in 2100 for major U.S.
sectors. Unless otherwise noted, the results presented below are estimates of annual benefits (or disbenefits)

of mitigation in the year 2100." importantly, only a small portion of the impacts of climate change are estimated,
and therefore this report captures just some of the total benefits of reducing GHGs.

ELECTRICITY

HEALTH

AIR QUALITY
An estimated 57,000
fewer deaths from
pooar air quality
in 2100

EXTREME TEMPERATURE
In 49 major U.S. cities,
an estimated
12,000 fewer deaths
from extreme
temperature in 2100

ELECTRICITY
DEMAND
An avoided
increase in
electricity demand
of 1.1%-4.0%
in 2050*

ELECTRICITY
SUPPLY

An
estimated
$10-534
billion in
savings on
power
system costs
in 2050*

_ INFRASTRUCTURE .

BRIDGES
An estimated
720-2,200 fewer
bridges made
structurally
vuinerable
in 2100*

ROADS

An estimated
$4.2-57 4 biltion
in avoided
adaptation costs
in2100*

LABOR

WATER QUALITY

Approximately An estimated

$110 billion $2.6-$3.0 billion

in avoided in avoided
damages from damages from
lost labor due poor water

to extreme quality in 2100
temperatures

in 2100

* Estimated range of resuts relies upon climate projections from two cliriate models showing different

compared 1o the drier MIROT

8

of this report for

URBAN DRAINAGE
In 50 U.S, cities, an
estimated $50
miilion-$6.4 billion in
avoided adaptation
costs in 2100°

COASTAL PROPERTY

Approximately $3.1
billion in avoided
damages and
adaptation costs from
sea level rise and
storm surge in 2100

for either 2050 or 2100 anly, and are undiscounted (20145}, See the Sectars section for the use of discounting throughout this report,
patterns of precipitation in the 1.5, The GSM-CAM projects a relatively “wetter"future for most of the LL5.
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For detailed information on the results, please refer to the Sectors section of this report.

WATER RESOURCES

INLAND
FLOODING
Estimates range
from approximately
$2.8 billion in
avoided damages to
$38 million in
increased damages
in 2100*

DROUGHT
An estimated
40%-59% fewer
severe and extreme
droughts in 21001

SUPPLY &
DEMAND
An estimated

$11-$180 biltion in
avoided damages

from water
shortages in key
economic sectors

in2100°

‘Results reflect th

sted range of henefits

the teduction in demand and system i

‘ ' . AGRICULTURE AND EORESTRY

AGRICULTURE
An
estimated
$6.6-511
billion in
avoided
damages to
agriculture
in 2100

FORESTRY

An estimated
$520 million to
$1.5 billion
in avoided
damages to
forestry in 2100

‘ ECOSYSTEMS

CORAL REEFS

An avoided loss
of approximately
35% of current
Hawaiian coral in
2100, with a
recreational value
of $1.1 billion

SHELLFiSH
An avoided loss of
approximately
34% of the U.S.
ayster supply, 37%
of scaitops, and
29% of clams
in 2100

WILDFIRE
An estimated
6.0-7.9 million

fewer acres

burned by
wildfires in
2100¢

FRESHWATER
FISH

An estimated
230,000-360,000
acres of coid-
water fish habitat
preserved
in 2100*

from o

that includes the costs 2 the electric power sector of reducing GHG emissions,
+Sre the Carbon Storag section of this report for eumulative tesults frarm 2000-2100, which shaw benefits of GHG mitigation for parts, and in sawse cases all,of the century,

with GH T

CARBON
STORAGE

An estimated
1.0-26 million
fewer tons of
carbon stored
invegetation
in2100™

section in this report prasents an analysis



174

1| Design GHG Emissions Scenarios

GHG emissions from human activities, and
the resulting climate change impacts and
damages, depend on future socioeconemic
development (e.g., population growth,
economic development, energy sources, and
technological change). Emissions scenarios
provide scientifically credible starting points
for examining questions about an uncertain
future and help us visualize alternative
futures.? They are neither forecasts nor
predictions, and the report does not assume
that any scenario is more or less likely than
another. GHG emissions scenarios are
iHlustrations of how the release of different
amounts of climate-altering gases and
particles into the atmosphere will produce
different dimate conditions in the U.S. and
around the globe,

To allow for a better understanding of the
potential benefits of global-scale GHG
mitigation, the CIRA resuits presented in this
report consider two emissions scenarios (see
Table 1): a business-as-usual future in which
GHG emissions continue to increase
unchecked {referred to as the Reference
scenario), and a mitigation scenario in which
gtobal GHG emissions are substantially
reduced {referred 1o as the Mitigation
scenario).>* These scenarios were developed
using the Massachusetts Institute of Technolo-
gy's Emissions Predictions and Policy Analysis
{EPPA} modelthe human systems compo-
nent within the integrated Global System
Modet (IGSM). EPPA provides projections of
world economic development and emissions,
including analysis of proposed emissions

controf measures. These measures include, for

example, limiting GHGs from major emitting
sectors, such as electricity production and
transportation. EPPA-IGSM, along with a
finked climate model, provide a consistent
framework to develop GHG emission and
climate scenarios for impacts assessment.
Table 1 provides information on the
characteristics of each emissions scenario in
2100, Similar to the Representative Concen~

tration Pathways (RCPs} used by the intergov-

ernmentaf Panel on Climate Change (iPCC} in
its Fifth Assessment Report,® the CIRA
scenarios are based on different trajectories
of GHG emissions and radiative forcing—a
metric of the additional heat added to the
Earth's climate system caused by anthropo-
genic and natural emissions.

Figure 1 compares the two primary CIRA
scenatios used throughout this report to the
RCPs, showing that these scenarios fall within
the range of IPCC's fatest projections. The

CIRA emissions scenarios provide illustrations
for analytical comparison and do not
represent specific policies. For more informa-
tion about the design of these scenarios,
please refer to Paltsev et al. (2013).

Table 1. Characteristics of the Reference and Mitigation Scenarios in 2100

BUSINESS AS USUAL
“REFERENCE”

GLOBAL EMISSIONS REDUCTIONS
“MITIGATION"

GHG RADIATIVE FORCING (IPCC/RER METHOD)

9.8W/m? (8.6 W/m?)

3.6W/m? (3.2 W/m?)

GLOBAL GHG EMISSIONS.

~2.5 X 2005 levels

~0.28 x 2005 fevels

AIMOSPHERIC LOSCONCENTRATION

826 ppm

i 462 ppm

ATMOSRHERIC GHG CONCENTRATION (€O, EGRIVALENTS

1750 ppm

500 ppm
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Figure 1. Comparison of CIRA
Scenarios to the IPCC RCPs®
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2 | Project Future Climate

To simutate future climate in the U.S,, CIRA primarily uses the IGSM-CAM framework, which
tinks the IGSM to the National Center for Atmospheric Research’s Community Atmosphere
Model (CAM), The IGSM-CAM simutates changes in a large number of climate variables, such
as temperature and precipitation, at various temporat scales. Other outputs include: sea levet
tise, atmospheric CO, concentration, cloud cover, wind speed, relative humidity, and solar
radiation.'* The CIRA climate projections are briefly described in the following pages of this
repart. As described in the Levels of Certainty section, results using ather climate models
with different patterns of projected precipitation are compared to the IGSM-CAM results for
sectoral analyses that are sensitive to changes in precipitation {e.g., drought and flooding).
Specifically, resuts under the {GSM-CAM projections, which estimate a wetter future for most
of the contiguous U.S., are complemented with drier projections to investigate the influence
on impact estimates. Additional information on the development and characteristics of the
CIRA climate projections can be found in Monier et al. (2014)."

3 | Analyze Sectoral Impacts

This report anatyzes 20 specific climate change impacts in the U.S., which are categorized
into six broad sectors {heaith, infrastructure, electricity, water resources, agriculture and
forestry, and ecosystems). The impacts were selected based on the following criteria:
sufficient understanding of haw climate change affects the sector; the existence of data to
support the methodologies; availability of modeling applications that could be applied in
the CIRA framework; and the economic, iconic, or cultural significance of impacts and
damages in the sector to the U.S. it is anticipated that the coverage of sectoral impacts in
the CIRA project will expand in future work.

To quantify climate change impacts in each sector, process-based or statistical models
were applied using the socioeconomic and climate scenarios described above. This
approach, which ensures that each model is driven by the same inputs, enables consistent
comparison of impacts across sectors and in-depth analysis across regions and time. Many
of the analyses explore the potential for adaptation to reduce risks and quantify the costs
associated with adaptive actions {see the Sectors section of this report and Section D of the
Technical Appendix for more information).”? Lastly, the CIRA analyses investigate key
sources of variability in projecting future climate, as further discussed in the Levels of
Certainty section.
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Temperature Projections

Global Temperature Change

Global mean temperature under the CIRA Reference scenaria is projected to increase by over 9°F by 2100
{Figure 1). This estimated increase is consistent with the USGCRP Third National Climate Assessment, which
projects a range of 5-11°F by 2100."** To help iflustrate the magnitude of such a change in giobal mean
temperature, the last ice age, which covered the northern contiguous U.S. with ice sheets, was approximately
9°F cooler than today. While some areas will experience greater increases than others, Figure 1 presents the

Figure 1. Change in Global Mean Temperature
with and without Global GHG Mitigation
Time series of global annual mean surface air temperature
relative ta present-day (1980-2009 mean} far IGSM-CAM under the
Reference and Mitigation scenarios with a climate sensitivity (CS}* of 3°C.
10

9:

w

Temperature Anomaly ('F}

oW

2000 2025 2050 2075 2160
o Retference s Mitigation
--- - Temperature Equal to 2°C Above Pre-tndustrial

average change that is projected ta
occur across the globe under the
Reference and Mitigation scenarios.
As shown, temperatures in the
Mitigation scenario eventually
stabilize, though due to the inertia of
the climate system, stabilization is
not reached until several decades
after the peak in radiative forcing.
The Reference scenario continues to
warm, reaching a temperature
increase of almost five times that of
the Mitigation scenario by the end of
the century. This demonstrates that
significant GHG mitigation efforts
can stabilize temperatures and avoid
an additional 7°F of warming this
century, but due to climate system
inertia, benefits may not be apparent
for several decades.

Limiting Future
Warming to 2°C

Limiting the future increase in
global average surface tempera-
ture to below 2°C {3.6°F} above
preindustrial tevels is a comman-
ly regarded goal for avoiding
dangerous climate change
impacts.'s Global temperatures,
however, have already warmed
0.85°C {1.5°F) from preindustrial
times.'”8The level of global GHG
mitigation achieved under the
CIRA Mitigation scenario is
consistent with the amount
required to meet the 2°C target
(Figure 1), and therefore the
estimates presented in this
report describing the potential
benefits to the U.S. of global
GHG mitigation are a reasanable
approximation of the benefits
that would result from meeting
this goal.

Temperature Change in the U.S.

Under the Reference scenario, the largest increases in average temperature across the contiguous U.S. by 2100 are projected to occur in the
Mountain West—up to a 14°F increase from present-day average temperature (Figure 2). The northern regions are also likely to see larger
temperature increases than the global average (up to 12°F, campared to a giobal average of 9.3°F), while the Southeast is projected to experience
a relatively lower level of overall warming {but comparabte to the giobat average increase). Under the Mitigation scenario, temperature increases
across the country are far lower compared to the Reference, with na regions experiencing increases of more than 4°F.

Figure 2, Distribution of Temperature Change with and without Global GHG Mitigation
Change in annual mean surface air temperature relative to present-day (1980-2009 average) for IGSM-CAM under the Reference and Mitigation scenarios (C5 3°C).

2025 2050

Reference

Mitigation

2075

6 8 10 12

2100

14 °F

33 44 56 6.7

78 °C
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Seasonal and Extreme Temperatures

Just as presenting global
average temperature changes
masks geographic patterns of
variability, presenting annual
average temperature changes
conceals seasonal patterns of
change. Some seasons are
expected to warm faster than
others, and the impacts of warm-
ing wilt also vary by season. For
example, in some regions,
greater levels of warming may
occur in the winter, but warming
in summet will matter most for
changes in the frequency and
intensity of heat waves. Figure 3
provides an Blustrative example
of the changes in average
summertime temperature that
select states may experience
over time with and without
global GHG mitigation. Under
the Reference scenario, summer-
time temperatures in same
northern states are projected to
feel more like the present-day
summertime conditions in
southern states. However, under
the Mitigation scenario, states
are projected to experience
substantially smaller changes.

in addition to increasing
average summertime tempera-
tures, climate change is projected
to result in an increase in extreme
temperatures across most of the
contiguous U.S. In the Mountain
West, for example, the hottest
days of the year are estimated to
be over 14°F hotter than today
under the Reference scenario by
the end of the century (Figure 4).
Many parts of the Midwest and
Northeast are projected to
experience increases in extreme
temperatures ranging from 7-10°F,
an amount similar to the increase
in average summertime tempera-
tures, These changes are project-
ed to be far less severe under the
Mitigation scenario, however, with
no regions experiencing increases
of more than 4°F.

Figure 3. Change in Summertime Temperatures for Select States

with and without Global GHG Mitigation

The map compares mean summertime {June, July, and August) temperature in South Dakota, iffinois, and Maryland in

2050 and 2100 under the Reference and Mitigation scenarios ta states with similar present-day temperatures. For example,

the projected mean summertime temperature in lifinois in 2100 under the Reference scenario {83°F} is projected to be

to the mean sum

representations of projected climate, as other factors such as humidity are not included, but they do provide a way of
visualizing the magnitude of possible changes in the summertime canditions of the future.

in Louisiana from 1980-2009 (81°F}. in other words, withaut global GHG
mitigation, Hiinofs summers by 2100 are projected ta “feel like" present-day Louisiana summers. The maps are not perfect

% Reference

Figure 4. Change in Magnitude of Extreme Heat Events
with and without Giobal GHG Mitigation
Change in the extreme heat index (T99)~—the temperature of the hottest four days, or 99" percentile, of the year—simulated by
the IGSM-CAM for 2100 (average 2085-2115} relative to the baseline (average 1981-2010} (CS 3°C)

Reference

9

Mitigation

) mitigation
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Precipitation in the U.S.

The IGSM-CAM projects future

changes in annual mean precipi-

tation over the course of the 21%

century under the Reference

and Mitigation scenarios (Figure

1). Under the CIRA Reference

scenario, the mode! estimates

increasing precipitation over 2025
much of the U.S,, especially over
the Great Plains. However, the
western U.S, is estimated to
experience a decrease in precipi-
tation compared to present day.
Under the Mitigation scenario,

a similar but less intense pattern
of increasing precipitation is
projected over much of the
country, particutarly in the
central states,

As projections of future
precipitation vary across
individual climate models, the
CIRA analyses use outputs from
additional climate models {see
the Levels of Certainty section of
this report). Compared to
muilti-model ensemble projec-
tions presented in the IPCC and
USGCRP, the CIRA projections
exhibit some regionat differenc-
es in the pattern of projected
precipitation. A comparison
between the CiRA climate
projections and those presented
in these assessment reports can
be found in Section E of the
Technicat Appendix.

2050

2075

2100

Reference

Figure 1. Percentage Change in Annual Mean Precipitation
with and without Global GHG Mitigation
Percentage change in annual mean precipitation from the historical period (1980-2009} for
IGSM-CAM under the Reference and Mitigation scenarios {CS 3°CJ.

Mitigation

B o Change

20 30 A0 50 60

Extreme Precipitation

Figure 2 shows the change in the intensity of extreme precipita-
tion events from present day to 2100. Blue areas on this map
indicate that the future’s heaviest precipitation events will be
more intense compared to today. Under the Reference, the
IGSM-CAM shows a general increase in the intensity of extreme
precipitation events, except over California. The increase is
particularly strong over the Northeast, Midwest, and Southeast.
Global GHG mitigation is likely to greatly reduce the increase in
intensity of extreme precipitation events, as shown in the right
panel of Figure 2,

Figure 2. Change in the ity of Extreme Precipi
with and without Global GHG Mitigation
Change in the extreme precipitation index (P99) simulated by IGSM-CAM for the
2085-2115 periad refative to the 1981-2010 periad {CS 3°C). The P99 index reflects
the precipitation of the four most rainy days of the yeat, or the 59 percentile

Reference Mitigation

2 34568
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Sea

Global Sea Level Rise

Figure 1 shows the change in global mean sea level from present
day to 2100 under the Reference and Mitigation scenarios.
Global mean sea levels are projected to rise about 56 inches by
2100 under the Reference and about 37 inches under the
Mitigation scenario. These results fall within the range for risk
planning presented in the Third National Climate Assessment
of 8-79 inches by 2100, with the Reference scenario's rate being
slightly larger than the Assessment's likely range of 12-48
inches* As shown in Figure 1, global sea level rise is similar
across the CIRA scenarios through mid-century, primarily due
to inertia in the global climate system and lasting effects from
past GHG emissians. As a result, it is not until the second half of
the century that global GHG mitigation resuits in a reduction in
sea level rise compared to the Reference.

The projections for global sea tevel rise account for dynamic
ice-sheet melting by estimating the rapid response of sea levels

Change in Sea Level from 1990 (in)

CIRA FRAMEWORK
®

Figure 1, Change in Global Mean Sea Level
with and without Global GHG Mitigation

60
501

40-

0. . .
to atmospheric temperature change.* These adjustments 1990 2000 2025 2050 2075 2100
incorporate estimates of ice-sheet melt from th.e empirical wmReference s Mitigation
modei of Vermeer and Rahmstorf {2009),%% using the decadal
trajectory of global mean surface air temperature results from
the IGSM as inputs.””

® °
Sea Level Rise in the U.S.
Figure 2 shows projected Figure 2. Projected Sea Level Rise along the Contiguous U.S. Coastline in 2100
relative sea level rise under Map shows projected relative {ta land) sea level rise under the Reference scenario for sefect coastal counties in the contiguous

the Reference scenario for
select areas along the U.S.
coast in 2100. For each coastal
area, global rates of sea jevel
change under the two
scenarios were adjusted to
account for vertical land
movement {e.g., subsidence
ar uplift} using tide gauge
data.®® Areas focated along
the Guif of Mexico and
Atlantic Coast are projected
to experience greater sea
level rise, due to compound-
ing effects of land subsidence,
while areas along the West
Coast are estimated to
experience relatively lower
levels of rise.

A5 I (119039 cm)
: §§ 56-65 i (142:165 cm)
t&ws :iﬁ (67180

' 7687 in (193-220 ).

Sealevel Rise i 21007

U.S. Projections are based on global mean sea fevel rise in 2100 (56 inches), adjusted for local subsidence and upiift.”
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Emissions Scenarios

The CIRA framewaork includes scenarios with different levels of
GHG emissions: a business-as-usual scenario with unconstrained
emissions {“Reference”) and a total radiative forcing of 9.8 W/m? by
2100 (8.6 W/m? using the IPCC method for cafculating radiative
forcing); a stabilization scenario reflecting giobal-scale reductions
in GHG emissions, with a total radiative forcing of 4.2 W/m? by
2100 (3.8 W/m? using IPCC method; this scenario is not featured in
this report); and a more stringent stabilization scenario with greater
emissions reductions {"Mitigation”} and a total radiative forcing of
3.6 W/m? by 2100 (3.2 W/m? using IPCC method} > Results using the
Reference and Mitigation scenarios are the focus of this report.

Figure 1. Temperature Change in 2100 Relative to
Present Day for the CIRA Emissions Scenarios
Changes in surface air temperature in 2100 (2091-2110 mean) relative
to present-day (1991-2010 mean).

Radiative Forcing 9.8 W/m?*
“Reference Scenario”

Stabilization at 4.2 W/m?
{not featured in this
report)

Stabilization at 3.6 W/m*
“Mitigation Scenario”

9 10.8 126 °F
] 6 7 °C
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Climate Sensitivity

The four climate sensitivity values considered are 2, 3, 4.5, and 6°C,
which represent, respectively, the lower bound (CS 2°C}, best estimate
{CS 3°C), and upper bound (CS 4.5°C} of fikely climate sensitivity based
on the IPCC Fourth Assessment Report {AR4),% and a fow-probability/
high-risk climate sensitivity {CS 6°C}.*” Resuits using a climate sensitivity
of 3°C are the focus of this report.

Figure 2. infl e of Climate S ivity on Global
Temperature Change Relative to Present Day
Temperature change relative to the hjstoric baseline {mean 1980-2009} under the
Reference and Mitigation scenatios. The bold lines represent the resuits using a
climate sensitivity of 3°C, and the shaded areas represent the range of temperature
anomaly outcomes when using climate sensitivities of 2°C and 6°C.
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Temperature Anomaly {'F}

2000 2025 2050 2075 2100

e Reference = Mitigation

Figure 3. Future Temperature Change under
Different Climate Sensitivities
Increases in surfoce air temperature in 2100 {2091-2110 mean} under the
Reference scendrio relative to present-day (1991-2010 mean)
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Natural Variability

For each emissions scenario and climate sensitivity combination, the {GSM-CAM was simulated five times with slightly different initial conditions
{“initializations”) to account for uncertainty due to natural variability. Some sectors in the repart use the average result of the five initializations.

Figure 4, The Effect of Natural Variability on Future Climate Projections

Increases in surface air temperature in 2100 (2091-2110 mean) relative to present-day (1991-2010 mean} for each of the IGSM-CAM initializations.™

INITIAL CONDITION 3 INITIAL CONDITION 4

INITIAL CONDITION 5

ITIAL CONDITION 1 INITIAL CONDITION 2

Climate Model

The results presented in this report rely primarily upon climate projections from the {GSM-CAM. To analyze the
implications of a broader set of climate mode outputs, the CIRA framework uses a pattern scaling method in
the 1GSM* far three additional climate models, plus a multi-model ensemble mean from the IPCC AR4 archive.
As shown in Figure 5, there is better agreement across climate models with regard to terperature projections,
and higher variability with regard to precipitation projections.”

+The NCAR Community Climate System Model version 3 (CCSM3.0) was chosen ta compare with the iGSM- CAM model, Both have the
same atmospheric and fand components and similar biases over fand.

- Bjerknes Centre for Climate Research Bergen Climate Mode version 2.0 (BBCR_BCM2.0) was chosen because this modet projects the
fargest increases in precipitation over the cantiguaus U.S.

«~Modet for fnterdisciplinary Research on Climate version 3.2 medium resolution (MIROC3.2_medres) was chosen because this modet
prajects decreases in precipitation over much of the contiguous U.5. Results using this ‘drier” pattern are shown in severat sections of this
report ta pravide comparison to the "wetter” IGSM-CAM simutations, which generally show increases in precipitation for much of the
country (excluding the West). This comparison helps to bound uncertainty in future changes in precipitation for the contiguous US.

Figure 5. Climate Model Uncertainty for Future Projections
Changes in temperature and precipitation in 2100 (2091-2110 mean) relative to present-day (1931-2010 mean)
for different cfimate models. Values assume a ciimate sensitivity of 3°C under the Reference scenario,

MIROC

CCSM

BCCR MULTH-MODEL MEAN

Temperature

Precipitation

& mm/day

Future Climate
Change Across
Uncertainty
Sources

investigation of the relative
contribution of the four
sources of uncertainty
described in this section
reveals that temperature
change is most influenced by
decisions regarding whether
to reduce GHG emissions and
the value of climate sensitivity
used {GHG emissions scenario
being the dominant
cantributor). The contribu-
tions from different climate
models and naturai variability
for temperature change are
smail in comparison. it is
warth nating that the GHG
emissions scenario is the only
source of uncertainty that
society has control over.
Conversely, these same four
sources of uncertainty
contribute in roughly equal
measure to projected
changes in precipitation over
the U.S., with large spatial
differences.®?
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Emission and
Climate Scenarios

With the goal of presenting a
consistent and straightfor-
ward set of climate change
impact analyses across
sectors, this report primarily
presents results for the
Reference and Mitigation
scenarios under a single
simufation (initiatization) of
the IG5M-CAM dlimate model
and assumes a climate
sensitivity of 3°C. As de-
scribed in the Levels of
Certainty section, a large
number of emissions and
climate scenarios were
developed under the CIRA
project, reflecting various
combinations of emissions
scenarios, climate models,
climate sensitivity, and climate
madel initializations. However,
only some of these emissions
and climate scenarios have
been simulated across alt
sectoral analyses, primarity
due to the level of effart
necessary to run each scenario
through the large number of
sectoral models of the CIRA
project. Analyzing resuits
under the full set of scenarios
would further characterize the
range and potentiaf fikelihood
of future risks,
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Coverage of Sectors and Impacts

The analyses presented in this report cover a broad range of potential
climate change impacts in the U.S,, but there are many important
impacts that have not yet been modeled in CIRA. Examples of these
impacts inciude changes in vector-borne disease, morbidity from
poor air quality, impacts on specialty crops and livestock, and a farge
number of effects on ecosystems and species. Without information
on these impacts, this report provides only partial insight into the
potential risks of climate change, and therefore does not account for
all potential benefits of mitigation.

In addition, it is important to note that impacts are only partiaily
valued economically in some sectors. For example, the Wildfire section presents estimated responsa and
fuel management costs, but not other damages (e.g., health effects from decreased air quality, and property
damages), A more complete valuation approach waould likely increase the damages described in this report.

Finally, this report does not present results on the possibility of large-scale, abrupt changes that have
wide-ranging and possibly catastrophic consequences, such as the intensification of tropical storms, or the
rapid melting of the Greenland or West Antarctic ice sheets.** In general, there are many uncertainties
regarding the timing, likelihood, and magnitude of the impacts resulting from these abrupt changes, and
data fimitations have prectuded their inclusion in the analyses presented in this report. Their inclusion
would assist in better understanding the totafity of risks posed by climate change and the potential for
GHG mitigation ta reduce or avoid these changes.

Variability Across Climate Models

The choice of climate model in an impact analysis can influence patterns of future dimate change, Within
a number of the CIRA analyses, this uncertainty was evaluated through the use of “pattern scaling,"a
method by which the average change produced by running a climate model is combined with the specific
geographic pattern of change calculated from a different modet in crder to approximate the resuit that
would be produced by the second model. In this report, analyses that are sensitive to changes in precipi-
tation are presented using both the IGSM-CAM {relatively wetter for the contiguous U5} and MIROC
{relatively drier} climate models. However, not all sectorat impact models used pattern scaling in addition
to the 1GSM-CAM simulations, particularly for those impacts primarily deiven by temperature, where there
is generally more agreement across climate models. Finally, we note the limitation that pattern scaling is
not a perfect representation of alternate models.*
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Sectoral impacts Modeling

With the exception of the electricity demand and
supply sections of this report, the impact estimates
presented were developed using a single sectoral
impact model, While these models are complex
analytical tools, the structure of the modet, and
how it may compare to the design of simifar
appfications, can create important uncertainties
that affect the estimation of impacts.® The use of
additional models for each sector would help
improve the understanding of potential impacts in

the future, The results presented in this report were

devetoped with little or no interactions among the impact sectors, As a result, the estimated impacts
may omit important and potentiaily unforeseen effects. For example, the wildfire projections present-
ed in this report will likely generate meaningful increases in air poliution, a potentially important
linkage for the air quality analysis. Similatly, there are numerous connections among the agriculture,

water, and electricity sectors that affect the impacts estimates in each.*” Although some of these
interactions are captured within integrated assessment madets, it is difficult for these broader
frameworks to capture all of the detail provided in the CIRA sectoral analyses, improved connectivity
between CiRA sectoral models will aid in gaining a more complete understanding of climate change

impacts across sectars in the U.S.

Variability in Societal Characteristics

The impacts of climate change will not affect Americans equally. In addition to regional differences in
impacts, socioeconomic factars (e.g., income, education) affect adaptive capacity and can make some
communities more vuinerable to impacts. These issues are explorad in the Coastal Property section, but
the rest of the sectors do not analyze impacts across different levels of social vuinerability.

Feedbacks

The CIRA project uses a linear
path from changes in
sacioeconomics and the
climate system to impacts
{with consistent inputs across
multiple models}). The
socioeconomic scenarios that
drive the CIRA modeling
analyses do not incorporate
patential feedbacks from
climate change impacts to the
climate system {e.g., GHG
emissions from forest fires)
and from sectoral damages to
the economy {e.q., significant
expenditures on “climate
defensive” adaptation would
tikely reduce avaitable financial
capital to the economy for
productive uses, or increase
the cost of financing capital
expenditures).

Geographic Coverage

The repart does not examine
impacts and damages
occurring outside of U.S,
borders, Aside from their own
relevance for policy-making,
these impacts could affect the
U.S. through, for example,
changes in warld food
production, migration, and
concerns for national security.

tn addition, the primary
geographic focus of this report
is on the contiguous U.S., with most of the sectoral analyses
excluding Hawaii, Alaska, and the U.S. territories, This omission is
particularly impartant given the unigue climate change vuinerabili-
ties of these high-latitude and/or istand locales. Finally, several
sectoral analyses assess impacts in a limited set of major U.S, cittes,
and incorporation of additionat locales would gain a more
comprehensive understanding of likely impacts.

Use of Point
Estimates

Results in this report are
primarily presented as point
estimates, For some sectors,
ranges are provided based on
the design of the underlying
modeling analysis (i.e, the
approach yields confidence
intervals) or because of the
scenarios used in that sector.
Regarding the latter, the use
of wetter and drier climate
projections for sectors
sensitive to changes in
precipitation provides ranges
of estimates bounding this
uncertainty source. The
uncertainties and timitations
described in this section,
along with athers detailed
throughout this report and in
the underlying CIRA fiterature,
signify that the estimates
described in this repart should
not be interpreted as defini-
tive predictions of future
impacts at a particufar place
and time. The further
exploration of these uncer-
tainties, induding the
development of ranges for all
impact projections, will further
strengthen the CIRA results.
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30 | Water Quality

ABOUT THE RESULTS

24 | Air Quality 34 | Bridges 46 | Electricity
Demand
26 | Extreme 36 | Roads 48 | Electricity
Temperature Supply
28 | Labor 38 | Urban Drainage

40 | Coastal Property

Unless otherwise noted, results presented in this section were developed using the following:

Emissions scenarios: The results are presented for the
CIRA Reference and Mitigation scenarios.

Climate models: The results primarily rely tpon climate
projections from the IGSM-CAM. For sectors sensitive

to changes in precipitation, results are alsa presented for
the drier MIROC climate model.

Climate sensitivity: The results assume a climate sensitivity
of 3.0°C.

Accounting for inflation: The results are presented in
constant 2014 dollars,'

Discounting: To estimate present value, annual time
series of costs are discounted at a 3% annual rate, with a
base year of 2015.2 Annual estimates (i.e,, costs in a given
year) are not discounted,

Repaorting of estimates: For consistency, resuits are
reported with two significant figures.
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eather and climate play a
significant role in our health

and well-being. As a society, we
have structured our day-to-day behaviors
and activities around historical and current
climate conditions. Increasing GHGs in the
atmosphere are changing the climate faster
than any time in recent history.® As a result,
the conditions we are accustomed to and

the environment in which we live will change
in ways that affect human health. In addition
to creating new problems, changes in the
climate can exacerbate existing human health
stressors, such as air pollution and disease.
Many of the adverse effects brought on by
climate change may be compounded by how
our society is changing, including population
growth, an aging population, and migration
patterns that are concentrating development
in urban and coastal areas.

HOW ARE PEOPLE VULNERABLE

TO CLIMATE CHANGE?

Climate change is projected to harm human
health in a variety of ways through increases
in extreme temperature, increases in
extreme weather events, decreases in air
quality, and other factors.* Extreme heat

events can cause illnesses and death due to
heat stroke, cardiovascular disease, respirato-
ry disease, and other conditions. Increased
ground-level ozone is associated with a
variety of heaith problems, including reduced
lung function, increased frequency of asthma
attacks, and even premature mortality.’
Higher temperatures and changes in the
timing, intensity, and duration of precipita-
tion affect water quality, with impacts on the
surface water we use. There are a variety of
other impacts driven by climate change that
are expected to pose significant health haz-
ards, including increases in wildfire activity
(see the Wildfire section of this report).®

WHAT DOES CIRA COVER?

CIRA analyzes the potential impacts of
climate change on human health by focusing
on air quality, extreme temperature mortali-
ty, labor, and water quality. Analyses of many
other important health effects are not in-
cluded in CIRA; these include, for example,
impacts from increased extreme weather
events (e.g., injury or death from changes in
tropical storms), air pollution from wildfires,
and vector-borne disease (e.g., Lyme disease
and West Nile virus).
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Climate Change and
Air Quality Health Effects

Changes in climate are projected to affect air
quality across the US. In already polluted
areas, warmer temperatures are anticipated
to increase ground-levef ozone (O3), a
component of smog, and increase the
number of days with poor air quality.”
Changes in weather patterns may also affect
concentrations of fine particulate matter
{PM,), a mixture of partictes smaller than 2.5
micrograms per cubic meter (ug m), emitted
from power plants, vehicles, and wildfires. g :

tnhaling ozone and fine particulate matter can lead to a broad range of adverse health effects,
including premature mortality and aggravation of cardiovascular and respiratory disease.®”

Risks of Inaction

Without global GHG mitigation, climate change is projected to have a substantial effect on air
quality across the contiguous U.S., with important regional differences (Figure 1), Ozone
concentrations are projected to increase in the Reference scenario in more densely-populated
regions, such as the East, Midwest, and South, while some tess densely-populated areas
experience decreases in ozone concentrations.” Afthough the national annuat average ozone
concentration is projected to decrease slightly (1.3 ppb +/- 0.2) by 2100, human exposure to
ozone is projected to increase, driven by increasing concentrations in densely-populated areas.
Climate-driven ozone increases are especially substantial during summer months. By 2100, the
U.S.-average 8-hour-maximum ozone concentration in June-August is projected to increase
4.7 ppb {95% confidence interval £ 0.5)."

Unmitigated climate change is projected to exacerbate fine particulate matter pofiution,
especially in the Midwest and East. The annual U.5 -average PM, s concentrations are projected to
increase by 0.3 ug m (+ 0.1) in 2050 and 0.7 pug m* { 0.1} in 2100 in the Reference scenario.”?

Projections that climate change will lead to increased ozone in poltuted regions are consis-
tent with the assessment fiterature, There is less agreement regarding the magnitude of climate
change effects on particulate matter, with the exception of increasing wildfire activity on
particulates.” The results presented in this report add to this emerging area of research,

Figure 1. Projected Impacts of Unmitigated Climate Change
on Air Pollution in the U.S.
Estimated change in ge g d- f haurly ozone (O, ppb} and fine particulate matter
(PMas, jtg m?) from 2000 to 2100 under the Reference scenario.

Fine Particulate
Matter
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Reducing Impacts through
GHG Mitigation

Global GHG mitigation is projected to avoid significant adverse impacts to air quality that
would occur under the Reference scenario in densely-populated areas. Figure 2 shows air
quality changes in the Mitigation scenario, which are much smaller than thase under the
Reference {Figure 1). Despite smaller reductions in ozone in some less densely-populated
areas, globat GHG mitigation is projected to reduce the increase in the annual-average,
8-hour-maximum, population-weighted ozone concentration by approximately 2.6 ppb (95%
confidence interval + 0.3} that would occur in the Reference in the U.S.

Global GHG mitigation is also projected to lessen the adverse effects of climate change
on fine particulate matter poliution in the U.S. In 2100, the increase in the annual-average
population-weighted PMs cancentration under the Reference is reduced by approximately
1.2 ug m*(£ 0.1} under the Mitigation scenario,

Reducing the impacts of climate change on air quality through global GHG mitigation is
projected to result in significant health benefits acrass the U.S, For example, the Mitigation
scenario is estimated to prevent an estimated 13,000 premature deaths in 2050 {95% confidence
interval of 4,800-22,000) and 57,000 premature deaths in 2100 {95% confidence interval of
21,000-95,000} compared to the Reference.'* Economic benefits to the U.S. of these avoided
deaths are estimated at $160 billion and $930 billion in 2050 and 2100, raspectively. In addition
to reducing premature mortality, global GHG mitigation would resuft in other health benefits not
presented here, including reduced respiratory- and cardiovascular-related haspital admissions.'s '*

Figure 2, Projected Impacts on Air Pollution in the U.S.
with Global GHG Mitigation
Estimated change in annual-average ground-level hourly ozone (O, ppb} and fine particulate matter
{PMa5, g M) from 2000 to 2100 under the Mitigation scenario.
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Treatment of Co-Benefits

This analysis does not quantify the additional
benefits to air quality and health that would
stem from simultaneous reductions in
traditional air pollutants along with GHG
emissions (both are emitted from many of
the same sources). Incorporating these
“co-benefits” which recent analyses'” and
assessments' indicate could provide large,
near-term benefits to human health, would
result in 2 more comprehensive understand-
ing of air quality and ctimate interactions.
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Climate Change and Extreme
Temperature Mortality

Climate change will alter the weather conditions that we
are accustomed to. Extreme temperatures are projected to
rise in many areas across the US., bringing more frequent
and intense heat waves and increasing the number of
heat-related ilinesses and deaths.” Exposure to extreme
heat can overwheim the bady’s ability to regulate its
internal temperatutes, resuiting in heat exhaustion and/or
heat stroke, and can also exacerbate existing medical
problems, such as heart and lung diseases.? During a 1995
heat wave in Chicago, an estimated 700 individuals died as
aresult of the extreme heat.* Warmer temperatures are also expected to result in fewer
extremely cold days, which may also reduce deaths associated with extreme cold.®

Risks of Inaction

Climate change poses a significant risk to human health as more days with extreme heat are
projected to cause more deaths over time. Without giobal GHG mitigation, the average number
of extremely hot days is projected to more than triple from 2050 to 2100, while the number of
extremnely cold days is projected to decrease. The projected increase in deaths due to more
frequent extremely hot days is much larger than the projected decrease in deaths due to fewer
extremely cold days, a finding that is consistent with the conclusions of the assessment fitera-
ture.? Under the Reference, the net increase in projected deaths from more extremely hot days
and fewer extremety cold days in 49 cities is approximately 2,600 deaths in 2050, and 13,000
deaths in 2100, but accounting for adaptation could decrease these numbers, Figure 1 shows the
net mortality rate from extreme hot and cald temperatures by city in the Reference scenario.

Figure 1. Projected Extreme Temperature Mortality in Select Cities
Due to Unmitigated Climate Change
Estimated net mortality rate from extremely hot and cold days (number of deaths per 100,000 residents)
under the Reference scenario for 49 cities in 2050 and 2100. Red circles indicate cities included in the analysis;
cities without circles should not be interpreted as having no extreme temperature impact,

Reference 2050

Baseline 2000

Combined Mortality Rate
{deaths/100k}
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Reducing Impacts through
GHG Mitigation

As shown in Figure 2, the projected mortality
rates under the Mitigation scenario show smalt
changes through 2100, unitke in the Reference
where rates increase substantiaily. As a result,
the net benefits associated with GHG mitiga-
tion increase over time. As shown in Figure 3,
global GHG mitigation is estimated to resultin
significant pubtic health benefits across the
U.S. by substantially reducing the risk of
extreme temperature-refated deaths that
would accur under the Reference. Under the
Mitigation scenario, extreme temperature
mortality is reduced by 64% in 2050 and by
93% in 2100%* compared ta the Reference. For
the 49 cities analyzed, global GHG mitigation is
projected to save approximately 1,700 US.
lives in 2050, and approximately 12,000 U.S.
fives in 2100 (Figure 3).

in 2059, the economic benefits of GHG
mitigation are estimated at $21 billion,
increasing to $200 billion in 2100 (see the
Approach section for more information). it is
important to note that these projections
reflect only the results for the 49 cities
included in this study; corresponding national
benefits would be much farger,

Figure 3, Avoided Extreme
Temperature Mortality
in 49 U.S, Cities Due to Global
GHG Mitigation
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The analysis also examines the implications
of adjusting temperature thresholds to
account for potential adaptation of the human
body to warmer temperatures. Specifically,
the analysis assumes that the human heaith
response to extreme temperatures in alf 49
cities was equat to that of Dallas. Using this
approach, results show that mitigation would
stilf save a projected 5,500 fives in 2100
compared to the Reference.

Figure 2. Projected Extreme Temperature Mortality in Select Cities
with Global GHG Mitigation
Estimated net martality rate from extremely hot and coid days {number of deaths per 100,000 residents}
under the Mitigation scenario for 49 cities in 2050 and 2100, Red circles indicate cities included in the analysis;
cities without circles should not be interpreted as having no extreme temperature impact.
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Climate Change and Labor

Climate change may affect jabor in a number
of ways, but projections of hotter summer
temperatures raise a particular concern.
Extreme summer heat is increasing in the U5,
and will be more frequent and intense in the
future 3 Heat exposure can affect workers’
health, safety and productivity.” When
exposed to high temperatures, workers are at
risk for heat-refated illnesses and therefore
may take more frequent braaks, or have to
stop work entirely, resulting in lower overall
iabor capacity. This is especiaily true for &
high-risk industries where workers are doing physical labor and have a direct exposure to
outdoor temperatures {e.g., agriculture, construction, utilities, and manufacturing}.®®

Risks of Inaction

Without global GHG mitigation, an increase in extreme heat is projected to have a large
negative impact on LS, fabor hours, especialty for outdoor laber industries.In 2100, over 1.8
biltion fabor hours across the workforce are projected to be Jost due to unsuitable working
conditions {95% confidence interval of 1.2-2.4 biflion). These lost hours would be very costly,
totaling over $170 billion in fost wages in 2100 (95% confidence interval of $110-$220 billion),

As shown in Figure 1, the majority of the country is projected to experience decreases in
fabor hours due to extreme temperature effects, In 2100, parts of the Southwest and Florida
are estimated to experience a decrease in hours worked for high-risk industries ranging from
5% to -7%. Although the impacts vary by region, only a limited number of counties are
projected to experience increases in fabor hours.

Figure 1. Impacts of Unmitigated Climate Change on Labor in the U.S.
Estimated percent change in hours worked from 2005 to 2050 and 2100 under the Reference scenario.
Estimates represent change in hours worked at the county level for high-risk industries only. and are normalized
by the high-risk working population in each county,

2050 2100

Percent Change
in Hours Worked
B 0%t 13%
-0.9% to 0%
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Reducing Impacts through
GHG Mitigation

At the national feve}, impacts to labor under the Mitigation scenario {Figure 2} are substantiaily
smaller compared ta the Reference (Figure 1). Counties in the Southwest, Texas, and Florida
that are estimated ta lase up to 7% of high-risk iabor hours under the Reference in 2100 do not
experience such losses under the Mitigation scenario,

When comparing the two scenarios {Figure 3), global GHG mitigation is projected to prevent
the loss of approximately 360 million fabor hours across the workforce in 2050, saving nearly
$18 billion in wages. In 2100, the avoided jass of labor hours more than triples, and losses are
substantially reduced over a majority of the contiguous U.S. Specifically, mitigation is estimated
to prevent the loss of nearly 1.2 biflion labor hours and $110 billion in wages in 2100 compared
ta the Reference.

Figure 2, Labor Impacts in the U.S, with Global GHG Mitigation
Estimated percent change in hours worked from 2005 ta 2050 and 2100 under the Mitigation scenario.
Estimates represent change in hours worked al the county level for high-risk industries only, and are normalized
by the high-risk working population in each county.

2050 2100

Percent Change
in Hours Worked
BN 0.1% 10 0.6%
CE0.9% to 0%
19%t0 1%
29% ta-2%

I 39%t03%

Figure 3. Economic impacts to Labor with and without Globat GHG Mitigation
Estimated wages lost under the Reference and Mitigation scenarios for alf labor categories in the
contiguous U.S. {biffions 20145). Ereor bars represent lower- and upper-95% confidence intervals of the
dose-respanse function (see the Approach section far more information).
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Climate Change and
Water Quality

Climate change is likely to have far-reaching
effects on water quality in the U.S. due to
increases in river and fake temperatures and
changes in the magnitude and seasonality
of river flows, both of which will affect the
concentration of water poltutants. These
physical impacts on water quality will also
have potentiaily substantiai economic
impacts, since water quality is valued for
drinking water and recreational and
commercial activities such as boating,
swimming, and fishing.**The analysis
presented in this section estimates changes
in water quality, but does not quantify the
resuiting health effects.

Risks of Inaction

Unmitigated climate change is projected to decrease water quality in the U.S, compared to a
future with no climate change. The Water Quality Index {WQ}) calculated in the CIRA analysis
includes several key water quality constituents, including temperature, dissolved oxygen, total
nitrogen, and total phosphorus.* The WQ! serves as a measure of water quality; the higher the
WQJ, the higher the water quality.

As shown in Figure 1, the WQ! across the U.S. is projected to decline in the Reference
scenario in 2100 using both the IGSM-CAM and MIROC climate models. Parts of Texas and the
Southwest, in particular, are estimated to experience substantial WQI declines of 15-26% in
2100. Projections that climate change will decrease river and lake water quality are consistent
with the indings of the assessment fiterature.®

Figure 1. Effects of Unmitigated Climate Change on U.S. Water Quality in 2100
Percent change in the Water Quality index in 2100 under the Reference scenario compared to the Control
{to isalate the effects of climate change), The WQi is calculated for the 2,119 8-digit hydrologic unit codes (HUCs}
of the contiguous U.S.. and aggregated to the 18 Water Resotirce Regions (2-digit HUCS).

1GSM-CAM MIROC
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Reducing Impacts through
GHG Mitigation

Global GHG mitigation is projected to reduce the increase in water temperature that is
estimated to occur under the Reference, with corresponding water quality benefits {i.e.,
avoided degradation) primarily due to better oxygenation. The effects of mitigation on total
nitrogen and total phospharus concentrations vary by region, but the increase in total nitrogen
is reduced by up to 8G% in some areas of the western U.S. compared to the Reference scenario.
Figure 2 presents the projected change in water quality damages in 2050 and 2100 under
the Reference and Mitigation scenarios for the IGSM-CAM and MIROC climate models. As
shown in the figure, increases in damages are projected in both scenarios, but most notably in
the Reference, where damages are estimated to increase by approximately $3.2-$3.7 billion in
2100. Under the Mitigation scenario, damages are reduced by approximately 82% compared to
the Reference in 2100, corresponding to approximately $2.6-$3.0 billion in avoided costs.
Figure 3 presents the avoided water quality damages in 2100 under the Mitigation scenaric
compared to the Reference using the IGSM-CAM and MIROC climate models. As shown in the
figure, global GHG mitigation is projected to result in economic benefits relative to the
Reference across the entire contiguous U.S, California is projected to expetience the greatest
benefits of mitigation in 2100, ranging fram approximately $750 mitfion to $1.0 biflion,

Figure 2. Change in U.S. Water Quality Damages
with and without Global GHG Mitigation
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Figure 3. Benefits of Global GHG Mitigation for U.S. Water Quality in 2100
Avoided damages under the Mitigation scenario compared to the Reference in 2100 {milfions 20145).
Damages are calcufated for the 2,119 8-digit HUCs of the contiguous U.S., and aggregated to the
18 Water Resource Regions (2-digit HUCS).
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nfrastructure makes up the basic
physical and organizational structure of
our society and is by design interdepen-
dent and interconnected. Built infrastructure
includes urban buildings; systems for energy,
transportation, water, wastewater, drainage,
and communication; industrial structures;
and other products of human design and
construction.! US. infrastructure has enor-
mous value, both directly as a capital asset
and indirectly to support human well-being
and a productive economy.

Total public spending on transportation and
water infrastructure exceeds $300 billion
annually; roughly 25 percent of that total is
spent at the federal level and accounts for
three percent of total federal spending.?
Recent analyses point to large gaps between
existing capital and maintenance spending
and the level of expenditure necessary to
maintain current levels of services.?

HOW iS INFRASTRUCTURE VULNERABLE
TO CLIMATE CHANGE?

Experience over the past decade provides
compelling evidence of how vulnerable
infrastructure can be to climate change
effects, including sea level rise, storm surge,
and extreme weather events.* Climate change
will put added stress on the nation’s aging
infrastructure to varying degrees over time.

Sea level rise and storm surge, in combination
with the pattern of heavy development in
coastal areas, are already resulting in damage
to infrastructure such as roads, buildings,
ports, and energy facilities. Floods along the
nation’s rivers, inside cities, and on lakes
following heavy downpours, prolonged rains,
and rapid melting of snowpack are damaging
infrastructure in towns and cities, on farm-
lands, and in a variety of other places across
the nation. In addition, extreme heat is dam-
aging transportation infrastructure such as
roads, rails, and airport runways.

WHAT DOES CIRA COVER?

CIRA analyzes potential climate change
impacts and damages to four types of infra-
structure in the U.S.: roads, bridges, urban
drainage, and coastal property. Analyses of
several important types of infrastructure are
not included in CIRA, particularly telecommu-
nications and energy transmission networks,
and the Urban Drainage analysis only ana-
lyzes impacts in 50 cities of the contiguous
U.S. Further, some analyses in this sector
assume that adaptation measures will be
well-timed. This likely results in conservative
estimates of future damages, as history has
shown that infrastructure investment and
maintenance are often not implemented in
optimal, well-timed ways.

¢ Coastal
Property
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Climate Change and Bridges

Road bridges are a central component of the
.5, transportation systemn. With the average
U.5. bridge now over 40 years old, however,
more than 250 miliion vehicles cross structur-
alty deficient bridges on a daily basis.* Similar
to other transportation infrastructure, bridges
are vilnerable to a range of threats from
climate change.® Currently, most bridge
failures are caused by scour, where swiftly
moving water removes sediment from around
bridge structuraf supports, weakening or
destraying their foundations. Increased
flooding and tong-term river flow changes caused by climate change are expected to increase
the frequency of bridge scour, further stressing the aging U.S. transportation system,

Risks of Inaction

increased inland flooding caused by climate change threatens bridges across the U.S. and risks
a netincrease in maintenance costs. Figure 1 shows the number and percent of bridges in each
hydrologic region of the contiguous U.5. identified as vulnerable to climate change in the fate 21%
century under the Reference scenario using the IGSM-CAM climate model. In total, approximately
190,000 bridges are identified as vulnerable. In addition, the costs of adapting bridges to climate
change under the Reference scenario are estimated at 5170 bitlion for the period from 2010 to
2050, and $24 bittion for the periad from 2051 to 2100 {discounted at 3%}, The higher costs
during the first haif of the century are primarily due to the farge number of vulnerable bridges
that require strengthening in the near term in the face of increasing peak river flows due to
climate change. These findings regarding near-term bridge vulnerability and adaptation costs
due to unmitigated climate change are consistent with the findings of the assessment literature.”

Figure 1. Bridges Identified as Vulnerable in the Second Haif of the
21=Century Due to Unmitigated Climate Change
Estimated number of vulnerabie bridges in each of the 2-digit hydrologic unit codes (HUCs} of the contiguous
U.S.in the period from 2051-2100 under the Reference scenario using the IGSM-CAM climate model. The map
also shows the percentage of infand bridges in each HUC that are vuinerable due to cfimate change.
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Reducing Impacts through
GHG Mitigation

As shown in Figure 2, global GHG mitigation is
projected to substantially reduce the number
of vuinerable bridges in many areas of the
contiguous U.S. compared to the Reference
scenario {Figure 1), For example, the percent-
age of vulnerable bridges in the Northwest
region, which includes Washington and parts
of Oregon and idaho, is reduced from 56%
under the Reference to 25% under the
Mitigation scenario. At the national scale, the
total number of vulnerable bridges is reduced
by raughty 40,000 through 2050 compared to
the Reference scenario, and by aver 110,000 in
the second half of the century.

in addition, the analysis estimates that
global GHG mitigation reduces the costs of
adaptation substantially refative to the
Reference scenario. In the period from 2010 to
2050, costs under the Mitigation scenario are

approximately $42 bilfion lower than under
the Reference {discounted at 3%, Although
adaptation costs are lower in the second half
of the century, costs under the Mitigation
scenario are nearly 60% tower than they ate
under the Reference scenario, with savings
estimated at $15 billion (discounted at 3%).

relatively wetter future for most of the US.
compared to the MIROC climate model (see
the Levels of Certainty section of this report for
more information). The projected benefits of
global GHG mitigation are lower with the drier
MIROC modet {not shawn) for the 2010-2050
period, at approximately $3.4 biflion, but are

higher in the 2051-2100 period, at approxi-
mately $10 billion {discounted at 3%)}.

These resuits rely upon climate projections
using the IGSM-CAM, which projects a

Figure 2. Bridges identified as Vulnerable in the Second Half of the
21 Century with Giobal GHG Mitigation
Estimated number of vuinerable bridges in each of the 2-digit HUCs of the contiguous U.S. in the period
from 2051-2100 under the Mitigation scenaric using the IGSM-CAM climate model. The map also shows
the percentage of infand bridges in each HUC that are vulnerable due to ciimate change.

Nurmber of Vulnerable
Bridges 2051-2100
<1,000

1,001 - 5,000

4% 5,001 - 10000

W 10,001 - 20000
R > 20000




200

Climate Change and Roads

The U.S. road network is one of the nation’s
most important capitat assets. Climate stress
on roads will likely change in the future, with
vatious potentiaf impacts and adaptation
costs.”? For example, roads may experience
more frequent buckling due to increased
temperatures, more frequent washouts of
unpaved surfaces from increases in intense
precipitation, and changes in freeze-thaw
cycles that cause cracking ™

Risks of Inaction

Without reductions in global GHG emissions, the costs of maintaining, repairing, and replacing
pavement are projected to increase, which is consistent with the findings of the assessment
literature regarding adaptation costs for road i ture.” Figure 1 presents the estimated
regional damages {in the form of adaptation costs) to the U.S. road network under the Refer~
ence scenario using the ISGM-CAM climate model. The greatest impacts are projected to occur
in the Great Plains region, where costs are mainly due to erosion of unpaved roads associated
with increased precipitation. Costs associated with the use of different pavement binders to
avoid cracking of paved roads are also high, particularly in the Midwest and Southeast regions,
and they increase over time in alt regions due to the projected rise in temperature. Costs of
resealing roads after freeze-thaw events decrease over time as the climate changes, but the
magnitude of the decrease does not offset the projected increase in other costs.

Figure 1. Projected Impacts of Unmitigated
Climate Change on U.S. Road infrastructure
Adaptation costs (bitlions 20143, undiscounted) under the Reference scenario using the IGSM-CAM climate
model. Resuits are presented for the six regions used in the Third Nationaf Climate Assessment.
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Reducing Impacts through
GHG Mitigation

Adaptation costs for the
U.S. road network are
substantially reduced
with global GHG mitiga-
tion compared to the
Reference scenario
{Figure 2}, These reduc-
tions are due in large part
to the effect of lower
temperatures under the
Mitigation scenario on
maintenance needs for
paved roads. Specifically,
costs associated with
asphalt binders account
for a large share of the
adaptation costs national-
Iy under the Reference, and these costs are
significantly lower with mitigation. Costs
associated with adaptation for unpaved roads
are also substantially lower under the
Mitigation scenario, as heavy precipitation
events are projected to be Jess severe
compared to the Reference. Costs of resealing
roads after freeze-thaw cycles are projected
to decrease under both scenarios, but the
magnitude of the decrease does not offset
the projected increase in other costs.

By 2050, the adaptation costs under the
Reference scenario are substantially higher,

illustrating the benefits
that accrue over time
with GHG mitigatian. In
addition, aithough the
costs af adaptation
increase over the course
of the century under
both scenarios, they do
so at a much faster rate
under the Reference.
Under the Reference,
adaptation costs are
estimated at approxi-
mately $10 bittion in
2100, whereas under the
Mitigation scenario costs
are estimated at $2.6
billion. As a result, global GHG mitigation is
projected to avoid over $7 billion in damag-
es in 2100. These resuits rely upon climate
projections from the 1GSM-CAM, which
projects a relatively wetter future for most of
the U.S. compared to the MIROC climate
model (see the Levels of Certainty section of
this report for more information). The
projected benefts of global GHG mitigation
are lower with the drier MIROC model (not
shown), at $4.2 billion in 2100, reflecting the
reduced impact of precipitation on unpaved
roads under both scenarios.'®

Figure 2. Projected Impacts on U.S. Road Infrastructure
with and without Global GHG Mitigation
Costs of adaptation for the Reference and Mitigation scendrios using the IGSM-CAM climate
maodel (bilfions 20143). The reduction in adaptation costs under the Mitigatian scenario refative
20 the Reference reflects the benefits of global GHG mitigation.
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Climate Change and Drainage

Urban drainage systems capture and treat
stormwater runoff and prevent urban flooding.
During storm events, the volume of runoff
flowing into drainage systems and the ability of
these systems to manage runoff depend on a
variety of site-specific factors, such as the
imperviousness of the land area in the drainage
basin. Changes in storm intensity associated
with climate change have the potential to
overburden drainage systems, which may fead
to flood damage, disruptions to local transpor-
tation systems, discharges of untreated sewage to waterways, and increased human health
risks.’* In areas where precipitation intensity increases significantly, adaptation investments
may be necessary to prevent runoff volumes from exceeding system capacity.

Risks of Inaction

Without global GHG mitigation, climate change is projected to result in increased adaptation
costs for urban drainage infrastructure, a finding that is consistent with the conclusions of the
assessment literature * Figure 1 presents the projected costs for the 50 modeled cities in 2050
and 2100 under the Reference scenario using the IGSM-CAM climate model for the three
categories of storm events modeled (24-hour events with precipitation intensities occurring
every 10, 25, and 50 years).' The average per-square-mile costs are projected to be highestin
the Great Plains region in both 2050 and 2100 due to the projected increase in heavy precipita-
tion in that region. Adaptation costs are estimated to be refatively low in the Southwest due to
the projected reduction in precipitation in that region.

Figure 1. Projected Impacts of Unmitigated Climate Change
on U.S. Urban Drainage Systems
Weighted average per-square-mile adaptation costs (millions 20143, undiscounted) in 2050 and 2100 for the
10-, 25-, and 50-year storms under the Reference scenario using the IGSM-CAM climate mode. Costs for each of
the 50 modeled cities (shown) are aggregated to the six regions used in the Third Nationol Climate Assessment.
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Reducing Impacts through
GHG Mitigation

Global GHG mitigation is projected to result in
substantiat adaptation cost savings for urban
drainage systems in the 50 modeled cities
{Figure 2}. Overall, cost savings are projected
to be higher in 2100 than in 2050, and increase
according to the intensity of the starm
modeled, with the greatest savings occusring
for the 50-year, 24-hour storm, For this
particular storm event, total adaptation costs
for the modeled cities are projected to be $12
billion in 2100 under the Reference. Under the
Mitigation scenario, these costs are reduced to
approximately $5.5 biltion, which represents a
cost savings of approximately 56.4 billion. Cost
savings for the 10- and 25-year storms under
the Mitigation scenario are approximately $3.9
bitlion and $5.1 biltion, respectively, in 2100,
Looking across the contiguous U.S,, the Great
Plains region is projected to experience the
largest reductions in adaptation costs as a
result of global GHG mitigation. These results rely upon dlimate projections from the IGSM-CAM,
which projects a relatively wetter future for mast of the U.S. compared to the MiROC climate
model {see the Levels of Certainty section of this report for more information). Using the drier
MIROC model, projected benefits of GHG mitigation for the modeled cities associated with the
50-year, 24-hour storm event are estimated at $50 milfion.

Figure 2. Projected Impacts on Urban Drainage Systems in 50 U.S, Cities
with and without Global GHG Mitigation
Projected adaptation costs in 2050 and 2100 for the Reference and Mitigation scenarios using the IGSM-CAM
climate model {biflions 20145}, The values of the red bars represent the sum of afl adaptation costs
shown in Figure 1 for the years 2050 and 2100.
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Climate Chahge and
Coastal Property

Coastal areas in the U.S. are some of tha most
densely populated, developed areas in the
nation, and they contain a wealth of natural
and economic resources, Rising temperatures
are causing ice sheets and glaciers to melft and
ocean waters to expand, contributing to global
sea Jevel rise at increasing rates. Sea fevel rise
threatens to inundate many low-lying coastal
areas and increase flooding, erosian, wetland
habitat loss, and saftwater intrusion into
estuaries and freshwater aquifers, The com-
bined effects of sea level rise and other climate
change factors, such as increased intensity of
coastal storms, may cause rapid and irrevers-
ible change®®

Risks of Inaction

Sea fevel rise and storm surge pose increasingly farge risks to coastal property, including costs
associated with property abandonment, residual storm damages, and protective adaptation
measures (e.g. elevating properties and armaring shorelines). As shown in Figure 1, the analysis
estimates that under the Reference scenario the cumulative damages to coastal property across
the contiguous U.S. will be $5.0 triltion through 2100 {discounted at 3%) if no adaptation
measures are implemented. f adaptation measures are taken, these damages are reduced to
$810 biltion. Projections of increasing risks of sea level rise and storm surge for coastal property,
and of the patential for adaptation to reduce overall costs, are consistent with the findings of the
assessment literature 7 The graphic above ilfustrates the importance of these potential impacts
at alocal scale by identifying at-risk Jand in the Tampa Bay, FL area. In this focale, approximatety
83,000 acres are projected to be at risk of inundation due to sea level rise by 2100, and an
additional 51,000 acres are projected to be at risk of significant storm surge. The total area at
risk {130,000 acres) is approximately one and a half times the size of the City of Tampa.

Figure 1. Costs of Sea Level Rise and Storm Surge to Coastal Property
with and without Adaptation under the Reference Scenario
The step-wise nature of the graph is due to the fact that starm surge risks are evaluated every ten years,
beginning in 2005. Costs with adaptation include the value of abandoned property, residual storm
damages, and costs of protective adaptation measures {triflions 20145},
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Reducing Impacts through
GHG Mitigation

Under the Mitigation scenario, total costs {i.e., property damages and protective investments}
across the contiguous U.S. are estimated at $790 billion through 2100 {discaunted at 3%}, about
3% less than the Reference scenario.® The effect of global GHG mitigation in reducing adapta-
tion costs is modest and is ikely underestimated in this analysis for several reasons. First, as
described in the CIRA Framewaork section, global sea level rise is similar under the Reference and
Mitigation scenarios through mid-century. It is nat untif the secand half of the century when the
benefits of reduced sea fevel rise under the Mitigation scenario become apparent. Further, the
proportional effect of global GHG mitigation in reducing the rate of sea level rise is smaller
under the CIRA scenarios compared to other scenarios in the fiterature.®®

Second, when considering the present value total cost under the Reference and Mitigation
scenarios, avoided adaptation costs accrued in fater years are more heavily affected by discount-
ing.® Third, the analysis assumes that coastal areas will implement cost-efficient and well-timed
adaptation measures in response to the risks under both the Reference and Mitigation scenarios.
Since many parts of the coastline are not sufficiently protected today, and because adaptation
measures that are taken are oftentimes not well-timed, the CIRA estimates for this sector fikely
underestimate damages. For comparison purposes, the benefits of giobal GHG mitigation
increase by a factor of ten if adaptation measures are not implemented.

Figure 2 shows the costs of adaptation for coastal properties {including the value of properties
that are abandoned due to the severity of sea level rise or storm surge damages) for 17 key sites
under the Reference and Mitigation scenarios. As shown, casts are anly modestly lower under
the Mitigation scenario. Costs vary across sites primarily due to the value of property at risk
and the severity of the storm surge threats. For example, adaptation costs are comparatively
higher in sites, such as Tampa and Miami, where there are many high-value properties in
fow-lying areas and high levels of storm surge are projected in the future,

thure 2: Costs to Coastal Property of Sea Leve! Rlse and
torm Surge through 2100
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uilding on the coastal property impacts described in the previous section, this

analysis examines the environmental justice implications of projected sea level rise

and storm surge in the contiguous U.S. Specifically, the approach quantifies how sea
level rise and storm surge risks are distributed across different socioeconomic populations
along the U.S. coastline; how these populations are likely to respond; and what adaptation
costs (i.e., property damage and protection investments) will potentially be incurred.

The Social Vulnerability Index

The CIRA analysis uses the Social Vitinerability Figure 1. Social Vulnerability Index for the Coastal U.S.

tndex {SoVI} to identify socially vuinerable Census tract-level SoVivalues are regionafly normalized to allow for comparisons of the SoVi scares within each

area. Areos with low SoVi scores {i.e, peaple with lower social vulnerability} are shaded in green and areas with
higher SoVi scores {i.e, people with greater social vulnerability) are shaded in pink.

coastal communities in the U.5. Sovi was
developed to quantify social vuinerability
using county-level (and later Census
tract-level) socioeconomic and demographic
data. The index is a well-vetted tool, and does
not include any environmental risk factors,
thereby efiminating the risk of double
counting climate risk when socioeconomic
and demographic data are combined with sea
ievel rise and storm surge vulnerability.® The
CIRA analysis uses Census tract-fevel Sovi
values based on 2000 Census data for 26
demaographic variables, capturing informa-
tion on wealth, gender, age, race, and
employment. Figure 1 shows the SoVl index
values for the four coastal regions used in the
analysis: Pacific {California through Washing-
tan), North Atfantic (Maine through Virginia},
South Atlantic (North Carolina through
Monroe County, Florida), and Guif {Collier
County, Florida through Texas).
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Case Study: Tampa Bay Area

EPA's National Coastal Property Model identifies areas
along the contiguous U.S. coastline that are fikely to be
at risk from sea level rise and storm surge through
210047 By layering these projections on top of the
SoVl results, following the approach described in
Martinich et al. {2013}, the analysis assesses the
potential impact of sea Jevel rise and storm surge on
socially disadvantaged populations in coastal areas.
Figure 2 presents a case study of the Tampa Bay, Florida
area (Pinelfas and Hilisborough Counties). The area from
the water to the gray lines represents the projected area

Figure 2. Social Vulnerability of Areas at Risk from Sea Level Rise and
Storm Surge in the Tampa Bay Area by 2100 under the Reference Scenario
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at risk of inundation due to sea fevel rise, while the area
from the water to the black fines represents projected
areas at risk from significant storm surge damage in
2100.* As shown, there are areas with higher socially
vulnerable populations {pink shading) near the city of
Tampa, in particular, that are projected to be at risk of
significant storm surge damages.

National Results

Figure 3 compares the number of people in the 17 multi-county
coastal areas (see previous section for Jocations) identified a5 at risk
due to climate change under the Reference and Mitigation scenarios,
by SoVt category. As shown, the Mitigation scenario reduces the
number of at-risk people compared to the Reference scenario for all
SoVi categories. The benefits of global GHG mitigation are particularly
high for the papulation identified by the SoVi as most socially
vulnerable; for this population, the number of at-risk peaple is reduced
by 23% under the Mitigation scenario compared to the Reference,
The CIRA analysis also projects adaptation responses based on sea
feve! rise, storm surge height, property value, and costs of adaptation.**

Figure 3. Social Vulnerability of Populations at Risk
from Sea Level Rise and Storm Surge through 2100
with and without Global GHG Mitigation
Vuinerability estimated in 17 multi-county coastal areas in the contiguous U.S,
along with the estimated percent changes from Reference to Mitigation.
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The model estimates whether people living in coastal areas are fikely
to respond to climate threats by: 1) protecting property through
beach nourishment, property elevation, or shoreline armoring; 2}
abandoning property, of 3} incurring storm surge damages without
adapting. Figure 4 presents the adaptation results, by area, for the five
SoVi categories in the Reference. More area is likely to be abandoned
than protected across all social vuinerability categories. However, in
the most vulnerable SoVi categories {0.6-1.5 and greater than 1.5}, a
velatively larger proportion of the area inhabited is fikely to be
abandoned (89% and 86%, respectively) rather than protected
through adaptation measures {8% and 10%, respectively}.

Figure 4. Adaptation Measures by
SoVI Category undet the Reference Scenario
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lectricity is an essential element
of modern life. It lights and cools

our homes, powers our computers,
supports the production of goods and ser-
vices, and enables critical infrastructure
services such as water treatment and tele-
comimunications. The generation of electricity
in the U.S, most of which comes from fossil
fuels, also contributes to climate change,
accounting for approximately 30% of U.S.
greenhouse gas emissions.

HOW IS THE ELECTRICITY SECTOR
VULNERABLE TO CLIMATE CHANGE?
Climate change has implications for electricity
production, distribution, and use.? For exam-
ple, coastal electricity infrastructure, such as
power plants and substations, are vulnerable
to storm surge and wind damage. Elevated
temperatures diminish thermal power plant
efficiency and capacity, and can reduce the
capacity of transmission lines, In addition,
effects on water supply alter the quantity and
temperature of cooling water available for
thermoelectric generation.® On the demand
side, warmer winters decrease the demand
for heating. However, this reduction is smaller
than the increase in electricity demand for
cooling due to higher summer temperatures.
Across the U.S., higher minimum temperatures

increase the number of days in a year when
air conditioning is needed, and higher
maximum temperatures increase the peak
electricity demand, further stressing our
aging power grid.

WHAT DOES CIRA COVER?
Numerous studies highlight the potential for
emission reductions in the electricity sector,
yet fewer studies have explored the physical,
operational, and economic impacts of a chang-
ing climate on this sector. CIRA assesses the
impacts of rising temperatures on electricity
demand, system costs, and the generation mix
needed to meet increasing demand across the
contiguous U.S. through 2050.* Importantly,
impacts to the demand and supply of other
energy sources (e.g., fuel for transportation)
are not estimated. Also, the electricity supply
analysis does not include the effects of climate
change on hydropower and water availability
for thermoelectric power generation. Addi-
tional work is necessary to further evaluate
climate change impacts on electricity supply,
particularly the effects of extreme heat events
and storm damage on capacity and reliability.
Finally, future work to improve connectivity
between the CIRA electricity, water, and
agriculture analyses will aid in better under-
standing potential cross-sector impacts.
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Climate Change and
Electricity Demand

As air temperatures rise due to climate change, efectricity demands for cooling are expected to
increase in every U.S, region.’ Higher summer temperatures, particularly during heat waves, wilt
fikely increase peak electricity demand, placing more stress on the electricity grid and increasing
electricity costs. Although the majority of U.S. residentiat and commerciat cooling demand is met
with efectricity, fess than 9% of heating demand is met with electricity.®” Therefore, although
higher average temperatures are expected to reduce electricity demands for heating, net electric-
ity use is projected to increase under climate change. This section presents estimated impacts on
efectricity demand, but does not consider impacts on demand for other fuel sources usedin
residential cooling or heating.

Risks of Inaction

Rising temperatures are projected to increase electricity demands for cooling. Figure 1 shows
the percent change in regional heating and cooling degree days (HDDs/CDDs, see Approach
for definitions) from 2005 to 2050 in the Reference scenario. Results are presented for the three
models used in the analysis (GCAM, ReEDS, and IPM), which exhibit similar trends of falling
HDDs {shown in purple} and rising CDDs (shown in orange}. These trends are consistent with
projections described in the assessment literature ® Across the U.S., HDDs decrease between
18%-29% on average, with greater decreases occurring in the South due in part to already-high
temperatures. The increase in CDDs is highest in the Northeast and Northwest (68% and 71% on
average, respectively). The projected changes in HDDs and CDDs have implications for regional
efectricity demand. Average U.S. electricity demand is projected to increase under the Reference
by 1.53-6.5% by 2050, compared to a Control with no temperature change. Across the regions
and models shown in Figure 2, electricity demand is projected to increase by 0.5%-9.0%, with
the exception of the ReEDS model in the Nosthwest, which projects a decrease of 0.5%.*

Figure 1. Projected impact of Unmitigated Climate Change on Regionai Heating
and Cooling Degree Days from 2005 to 2050
Percent change in HDDs and CDDs from 2005 to 2050 under the Reference compared to a Cantrol with no
temperature change. Results are presented for six regions and for the three models used in the analysis.
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Reducing Impacts through
GHG Mitigation

Global GHG emissions reductions under the Mitigation
scenario result in smatler increases in temperatures
compared to the Reference, thereby reducing cooling
demand across the country. Figure 2 illustrates this
effect, presenting the change in regicnal energy
demand in 2050 in the Reference and Mitigation
scenarios relative to a Control with no temperature
change. As shown, the change in demand in the
Mitigation scenario is cansistently fower than in the
Reference across all of the models. This decrease in
demand is due in farge part to lower temperatures under
the Mitigation scenario compared to the Reference, and
in the GCAM and ReEDS models the lower demand is
also due to an increase in electricity costs associated
with reducing GHG emissians. The impact of GHG
mitigation on electricity supply is discussed in greater
detail in the Electricity Supply section of this report,

Figure 2. Change in Regional Efectricity D din 2050
with and without Global GHG Mitigation
Change in regional electricity demand for the Reference and Mitigation scenarios relative to a Control
{no temperature change). Results are presented far six regions and for each of the three
maodefs used in the analysis (GCAM, ReEDS, and IPM).
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Climate Change and
Electricity Supply

As described in the Electricity Demand section, warmer air temperatures under climate change
are expected to result in higher demand for efectricity, leading to the need for increased
capacity in the power system to meet this demand. At the same time, higher temperatures
reduce the capacity of both tharmal power plants and transmission fines.

The power sector accounts for the largest share of GHG emissions in the U.S.,** and is also
considered the most cost-effective source of emission reductions under mitigation paolicies.'
A variety of impacts and changes are therefore expected to occur in this sector, including
changes in sector emissions, system costs, and generation mix (i.e,, the assortment of fuels
used to generate electricity}.

Effects on Electricity
Generation

in the CIRA analyses, a large amount of CO; reductions in the U.S. under the Mitigation scenario
occur in the electricity sector.’” As a resuit, the generation capacity and mix of energy sources
used ta produce electricity is projected to change over time. Figure 1 shows the projected
change in generation mix in 2050 from the three electric power sector models under the CIRA
scenarios. Projected electricity supply is higher in alf three models under the Reference,
reflecting a higher demand for cooling, and iower under the Mitigation scenario as a resutt of
lower temperatures and the costs of reducing GHG emissions. For any given model, the supply
mix in the Reference does not differ substantiatly from the Controf, which accounts for future
poputation and economic growth, but no temperature change. However, alf three modets
under the Mitigation scenario project substantial reductions in coal generation and expanded
generation from nuclear and renewables.

Figure 1. Electricity Generation by Technology and Scenario in 2050
with Percent Change in Generation from Control™®
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Rising temperatures under both scenarios,
especially under the Reference, result in
higher demands for electricity and increased
power system costs to expand capacity. At
the same time, altering the generation mix to
raduce GHG emissions imposes costs an the
power system. Figure 2 presents the percent
change in cumulative system costs under the
Reference and Mitigation scenarios compared
to a Cantral with no temperature change
(2015-2050, discounted at 3%}. The costs
increase by 1.7%-8.3% under the Reference
and by 2.3%-10% under the Mitigation

Change in System Costs
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scenario. The incrementat system costs of the
Mitigation scenario above the Reference are
0.6%-5.5%, hightighting that the costs to the
electric power sector assaciated with rising
temperatures in the Reference are compara-
ble to the costs associated with reducing GHG
emissions in the Mitigation scenario. it is
important to note, hawever, that this does
not account for benefits of GHG mitigation
outside of the electricity sector, nor does it
examine ather effects of climate change on
electricity supply, such as changes in cooling
water availability or extreme weather events,

Figure 2. Percent Change in Cumulative System Costs (2015-2050} in the
Reference and Mitigation Scenarios Compared to the Control
Grey bars represent the difference between the Reference and Mitigation scenarios.
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ater, a resource that sustains life
across the globe, is a vital compo-
nent of a productive economy,
providing a critical input to production in a
number of key economic sectors.! In the US,,
water is used in many ways, including for
human consumption, agricultural irrigation,
power plant cooling, and hydropower genera-
tion. In addition, rivers, lakes, and oceans
allow for navigation, fishing, and recreation
activities. Water also plays an array of vital
roles in ecosystems, which in turn provide
crucial services that support human life,
Analyzing the effects of climate change on
water resources can be particularly challeng-
ing as climate variables affect both the supply
and demand of water in different ways, and
the impacts vary over space and time.

HOW iS WATER VULNERABLETO
CLIMATE CHANGE?

The water cycle is inextricably linked to
climate, and climate change has a profound
impact on water availability at global,
regional, and local levels. As temperatures
rise, the rate of evaporation increases, which
makes more water available in the air for
precipitation but also contrihutes to drying
over some areas.? Further, climate change
will result in increased intensity of precipita-
tion events, leading to heavier downpours,
Therefore, as climate change progresses,

Water Supply |

and Demand

many areas are likely to see increased
precipitation and flooding, while others will
experience less precipitation and increased
risk of drought. Some areas may experience
both increased flooding and drought. Many
of these meteorological changes, along with
their associated impacts, are already being
observed across the U.S. These changes,
combined with demographic, socioeconomic,
land use, and other changes, affect the avail-
ability, quality, and management of water
resources in the U.S.7

WHAT DOES CIRA COVER?

The CIRA analyses estimate impacts and
damages from three water resource-related
models addressing flooding, drought, and
water supply and demand (see the Health
section of this report for water quality
impacts). The models differ in the component
of the water sector assessed and geographic
scale, but together provide a quantitative
characterization of water sector effects that
no single model can capture. As the water
cycle is sensitive to changes in precipitation,
the analyses use a range of projections for
future precipitation (see the CIRA Framework
section for more information). Finally, future
work to improve connectivity between the
CIRA electricity, water, and agriculture analy-
ses will aid in better understanding potential
impacts to these sectors.
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Climate Change and
Inland Flooding

Extreme precipitation events have intensified
in recent decades across most of the U.S,,
and this trend is projected to continue.*
Heavier downpours can result in more
extreme flooding and increase the risk of
costly damages.® Flooding affects human
safety and health, property, infrastructure,
and natural resources.® in the U.S., non-coastal
floods caused over 4,500 deaths from 1959 to
2005 and flood-related property and crop
damages averaged nearly $8 billion per year”
from 1981 to 2011.*The potential for
increased damages is farge, given that climate
change is projected to continue to increase
the frequency of extreme precipitation events and amplify risks from nan-climate factors such
as expanded development in floodplains, urbanization, and fand-use changes.®

Risks of inaction

Without GHG mitigation, climate change under the IGSM-CAM projections is estimated to
increase monetary damages associated with infand flooding across most of the contiguous U.S.
Figure 1 presents the projected flood damages in 2050 and 2100 under the Reference scenario.
As shown, substantial damages are projected to occur in more regions over time, By 2100, dam-
ages are projected to be significantly different from the historic period {at a 90% confidence
interval) in 11 of the 18 large watersheds (2-digit hydrologic unit codes}). The greatest damages
are projected o occur in the eastern U.S. and Texas, with damages in these regions ranging
from $1.0-63.7 billion in 2100.%° Projections of increased flood damages across most of the U5,
are consistent with the findings of the assessment literature.'*

Figure 1. Esti d Flood D Due to Unmitigated Climate Change
Estimuted flood damages under the Reference scenario in 2050 and 2100 for the IGSM-CAM climate modef
(millions 20143). Resufts are presented for the 18 2-digit hydralogic unit codes (HUCs] of the contiguous U.S.
Stippled areas indicate regions where the projected damages are significantly different from
the historic perjod {at a 90% confidence interval}.
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Reducing Impacts through
GHG Mitigation

Under the retatively
wetter [GSM-CAM
climate projections,
global GHG mitigation is
projected to result in
increased flooding
damages compared to
today, but decreased
damages compared to
the Reference scenario
in most regions of the
contiguous U.S. As
shown in Figure 2,
damages are reduced in
10 out of 18 regions in
2050 and in 14 out of 18
regions in 2100, with

particularly pronounced differences between
the scenarios in 2100. in 2100, the modeled
reduction in damages is approximately $2.9
billion. By the end of the century, substantiat
benefits are projected over much of the Great
Plains and Midwest regions, where damages
are estimated to be reduced between 30%
and 40% in many states. The four regions not

Reference.

showing benefits of GHG
mitigation under the
{GSM-CAM projections
are focated in the western
part of the US., which
also faces the highest risk
of drought, as described
in the Drought section of
this report.

Figure 2 also presents
results using the MIROC
climate model, which
projects a drier future
compared to the
1GSM-CAM model, Under
the MIROC projections,
flooding damages are

generally reduced under both the Reference
and Mitigation scenarios and, as a result,
there are modest disbenefits of mitigation
across most of the contiguous U.S. in 2050
and 2100.1n 2100, damages are projected
to increase nationally by $38 million under
the Mitigation scenario compared to the

Figure 2. Change in Flooding Damages Due to Global GHG Mitigation
Percent change in floading damages for the Mitigation scenario compared to the Reference.
Results are presented for the 18 2-digit HUCs of the contiguous U.S. Negative values, shown in green,
reflect reductions in flaoding damoges from global GHG mitigation.
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Climate Change
and Drought Risk

Climate change-related impacts on temperature and
precipitation are expected to aiter the location, frequency,
and intensity of droughts in the U.S., with potentially devastat-
ing socioeconomic and ecological consequences.' Already,
many U.S. regions face increasing water management
challenges associated with drought, such as distuptions in
navigation and water shortages for irrigation. In recent
decades, recurring droughts across the West and Southeast
have had significant socioeconomic and ecological impacts.'”

Risks of Inaction

Without global GHG mitigation, climate change threatens to increase the number of droughts in
certain regions of the U.S. The CIRA analysis uses multiple climate projections, each with unique
patterns of regional change, to estimate the change in the number of SPi and PDS! droughts
{see Approach for descriptions).”® As discussed in the CIRA Framework section of this report, the
1GSM-CAM projects a relatively wetter future for most of the contiguous U.S., while the MIROC
model projects a drier future. Figure 1 shows that, although the climate models estimate different
outcomes with respect to drought risk for the central and eastern U.S,, they both project that the
Southwest will experience pronounced increases in both SPland PDS! drought months. Some
areas of the country that are projected to experience increases in drought by 2100 are also
projected to experience higher flooding damages (see the inland Flooding section). This finding
should not be interpreted as a canflicting result, and is consistent with the conclusions of the
assessment literature,'” which describe the drivers of these changes as more intense yet less
frequent precipitation, and increases in evaporation due to higher temperatures.®

Figure 1. Effects of Unmitigated Climate Change on Drought Risk by 2100
Projected change in number of SPI and PSDI drought months under the Reference scenario over a
30-year period centered on 2100. Restlts are presented for the 18 2-digit hydrologic unit codes (HUCs)
of the contiguous U.S. Changes accurring in the grey-shaded areas should be interpreted as
having no substantiol change between the historic and future periods.
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Reducing Impacts through
GHG Mitigation

Global GHG mitigation leads to a substantial reduction in drought risk for many parts of the
country {Figures 2 and 3). Under the IGSM-CAM climate projections, GHG mitigation substantial-
ly reduces drought occurrence across the western U.S,, white under the MIROC model, drought is
reduced over a majority of the country, Both climate models project reductions in drought in the
Southwest, where the risks of increased droughts were highest under the Reference.

The overall decrease in the number of droughts under the Mitigation scenario, particularly in
the West, results in substantial benefits to the crop-based agricufture sector, Through 2100, the
present value benefits of GHG
mitigation in the agricultural Figure 2, Percentage Change in Number of
sector reach $9.3 billion (discount- Severe and Extreme Drought Months with and

N without GHG Mitigation
d at 3% -CAM
er at 3%) using the [GSM-C Change in number of PDS! drought months under the Reference and
climate projections, compared 0 yyyqarion scenarios over a 30-year period centered an 21001 the

the Reference. Using the dtier contiguous U.S. Under both climate models, GHG mitigation
MIROC climate model, the results in fewer drought months compared to the Reference,
Mitigation scenari ide

&l cenario provices 150% 1GSM-CAM MIROC
benefits to the agriculture sector
of approximately $34 billion 100% -

(discounted at 3%j. Projections i
from both climate models 50% 1
estimate higher economic
benefits of GHG mitigation in the 086 e .
southwestern U5, where drought __.
frequency is projected to increase -50% 4
most dramatically in the absence o
of GHG mitigation, 100% mReference  wMitigation
Figure 3, Effect of Giobal GHG Mitigation on Drought Risk by 2100
Estimated change in number of SP{ and PDS! drought months under the Mitigation scenaria compared to
the Reference over a 30-year period centered on 2100 Results are presented for the 18 2-digit HUCs of the
contiquous U.S. Shades of green represent reductions in the number of drought manths due to

GHG mitigation. Changes occurring in the grey-shaded areas should be interpreted as having
no substantial change between the historic and future periods.
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Climate Change and Water
Supply and Demand

Water management in the U.S. is characterized
by the struggle to balance growing demand
from muitiple sectors of the economy with
increasingly fimited supplies in many areas,
Unmitigated climate change is projected to
have profound impacts on both water availabi
1ty and demand in the U.S, compounding
challenges from changes in demographics, land
use, energy generation, and socioeconomic
factors. As temperatures rise and precipitation
patterns become more variable, changes in regional water demand and surface and groundwater
supplies are expected to increase the likeflihood of water shortage for many areas and uses.*

Risks of Inaction

The effect of climate change on water supply and demand is highly sensitive to projected
changes in runoff and evaporation, both of which vary across future climate projections and
by U.S. region (Figure 1). Despite these variations, increased damages of unmitigated climate
change are projected in the Southwest and Southeast regions under both climate models, and
these damages increase over time. These projections are consistent with the findings of the
assessment literature ¥’ Using climate projections from the 1GSM-CAM mode, the analysis
estimates damages at 57.7 billion in 2100, Despite the majority of U.S. regions showing modest
increases in welfare (economic well-being) in 2100, the damages in the Southwest and
Southeast are much farger in magnitude, and therefore drive the national total. Highlighting
the sensitivity of this sector to the climate model used, the drier MIROC modet estimates that
net damages could be sub: ially farger, at approxi 1y 3190 biltion in 2100.

Figure 1. Projected impacts of Unmitigated Climate Change on
Water Supply and Demand
Estimated change in economic damages under the Reference scenario in 2050 and 2100 compared to the
historic basefine far the IGSM-CAM and MIROC climate models (millions 20145). Results are presented for the
18 2-digit hydrologic unit codes (HUCs) of the contiguous U.S. Yellow, orange, and red areas indicate increased
damages, while blue areas indicate decreased damages.
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Reducing Impacts through
GHG Mitigation

Global GHG mitigation is projected to substantially reduce damages compared to the Reference
{Figures 2 and 3}, and importantly, preserve water supply and demand conditions more simitar
to those experienced today. The IGSM-CAM modet estimates that damages are $7.7 bitlion
under the Reference scenario in 2100, while the Mitigation scenario results in an increase in
welfare {collective economic well-being of the population} of $3.4 biflion. Therefore, mitigation
is estimated to result in a total increase in welfare of $11 biltion in 2100 compared to the
Reference. Using the drier MIROC model, the Mitigation scenario yields damages of approxi-
mately $19 billion in 2100; however, this represents avoided damages of approximately $180
biition compared to the Reference scenario (numbers do not sum due to rounding}.

Figure 2. Economic Damages Associated with Impacts on Water Supply and
Demand with and without Global GHG Mitigation
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Figure 3. Projected impacts of GHG Mitigation on Water Supply and Demand
Estimated percent change in economic damages under the Mitigation scenario in 2050 and 2100 relative to the
Reference. Results are presented for the 18 2-digit HUCs of the cantiguous U.S. Negative values (shown in green}

indicate decreases in damages, or positive economic benefits, due to giobal GHG mitigation.
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he U.S. has a robust agriculture sector

that produces nearly $330 billion per

year in agricultural commodities.! The
sector ensures a reliable food supply and
supports job growth and economic develop-
ment.? In addition, as the U.S. is currently the
world’s leading exporter of agricultural prod-
ucts, the sector plays a critical role in the
global economy?

U.S. forests provide a number of important
goods and services, including timber and other
forest products, recreational opportunities,
cultural resources, and habitat for wildlife.
Forests also provide opportunities to reduce
future climate change by capturing and storing
carbon, and by providing resources for bio-
energy production.

HOW ARE AGRICULTURE AND FORESTRY
VULNERABLE TO CLIMATE CHANGE?

U.S. agricultural and forest production are
sensitive to changes in climate, including
changes in temperature and precipitation,
more frequent and severe extreme weather
events, and increased stress from pests and
diseases.® At the same time, climate change
poses an added risk to many forests due to
ecosystem disturbance and tree mortality
through wildfire, insect infestations, drought,
and disease outbreaks.® Climate change has the
potential to both positively and negatively

| Market Impacts

affect the location, timing, and productivity of
agricultural and forest systems, with economic
consequences for and effects on food security
and timber production both in the U.S. and
globally.”® Adaptation measures, such as
changes in crop selection, field and forest
management operations, and use of technolog-
ical innovations, have the potential to delay
and reduce some of the negative impacts of
climate change, and could create new opportu-
nities that benefit the sector.

WHAT DOES CIRA COVER?

The CIRA analysis estimates climate change
impacts on the agriculture and forestry sectors
using both biophysical and economic models.
The agriculture analyses demonstrate effects
on the yield and productivity of major crops,
such as corn, soybean, and wheat, but do not
include specialty crops, such as tree fruits, or
livestock, Further, the analysis does not explic-
itly model impacts on biofuel production or
include technological advances in agricultural
management practices. The analyses include
yield and productivity impacts, but do not
simulate the effects of changes in wildfire,
pests, disease, and ozone. Future work to
improve the multiple interactions among the
CIRA energy, water, and agricuiture analyses
will aid in better understanding potential
impacts to these sectors.
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Risks of Inaction

Without significant giobal GHG mitigation, climate change is projected to have a farge negative
impact on the U.5. agricuiture sector. Table 1 presents the projected percent change in national
crop yields in 2100 due to unmitigated climate change under the Reference scenario. For al
major irrigated crops, with the exception of hay, climate projections from both the {GSM-CAM
and MIROC models result in decreased yields, with very substantial declines projected for
soybeans, sarghum, and potatoes. For rainfed crops, climate projections using the drier MIROC
climate model result in substantial declines for alf crops, particularly cottan, sorghum, hay,
wheat, and bariey. Rainfed yields using the wetter IGSM-CAM climate model are more varied,
ranging from a substantial decrease in hay yields ta moderate gains in catton, sorghum, and
wheat yields.” Projected declines in crop productivity resulting from unmitigated climate change
over the langer term are consistent with the findings of the assessment literature.*®

As shown in Figure 1, the effect of unmitigated climate change on forest productivity in the
U.S. varies over time and depends on the dlimate model used, Using the IGSM-CAM projections,
hardwood yields increase by 2100, while the change in softwood yields is very small. Projec-
tions using the drier MIROC climate model resuit in increased hardwood and softwood yields
by the end of the century, though the gains are smalier than those projected under the
Mitigation scenario.

Table 1. Projected Percent Change in U.S. Crop Yields in 2100
without Global GHG Mitigation
Estimates in this table assume no technological improvements in yields over time such that crop productivity
in future periods relative to a scenatio with no climate change is based purely on differenices in climatic
conditions, This assumption ailows the analysis ta isolate and evaiuate climate change fmpacts on crops
without confluence with ather factors, Results do not include effects from changes in ozone, pests, and disease.
Rice and potatoes are simulated under itrigated management only.”
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Figure 1. Projected Change in Potential Forestry Yields with and without
Global GHG Mitigation
Percent change in potential hardwaod and softwood yieids across the U.S. relative to the base period
(1980-2009} under the Reference and Mitigation scenarios for the IGSM-CAM and MIROC climate models.
Effects of wildfire, pest, and disease on yields are not included.
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Reducing Impacts through
GHG Mitigation

Global GHG mitigation Is estimated to
substantialty benefit U.S. crop yields. Figure 2
presents the projected change in national
crop yields for key crops under the Mitigation
scenario compared to the Reference. The
figure shows changes in rainfed and irrigated
yields using projections from the IGSM-CAM
climate modet and the relatively drier MIRGC
modet, In general, the benefits to crop yields
af global GHG mitigation increase aver the
course of the century, with the exception of
rainfed hay {for both climate models) and
rainfed sorghum {for IGSM-CAM). Global GHG
mitigatian is projected to have a particularly
positive effect on the future yields of irrigated
soybeans, irrigated potatoes, and irfigated
and rainfed bartey.

The projected effect of GHG mitigation on
farest productivity is less substantial compared
to the response for crops. Figure 1 shows the
estimated percent change in average national
forest productivity {contiguous U.S.} under
the Reference and Mitigation scenarios

relative to the base period. Althaugh forest
productivity generally increases with climate
change under hoth scenarias, prajections
using the relatively wetter IGSM-CAM climate
model result in larger gains under the
Reference scenario, particularly for hard-
woods. Higher forest productivity under the
IGSM-CAM Reference in the future is fikely
driven by the enhanced positive effects of
CO, fertilization under the high-emission
Reference, along with the response to increas-
es in precipitatian in many areas of the
contiguous U.5, that are forested. The MIROC
climate projections, on the other hand, resuft
in stightly rising yields of bath hardwoods
and softwoods through 2100 under the
Mitigation case. it is important to nate that
these yield estimates do not include the
effects of wildfire, pests, ar disease, which
would likely decrease simulated productivity
based on the findings of the assessment
literature,"? especially under the Reference
scenario {See Wildfire section of this report).”

Figure 2. Projected Impacts of Giobal GHG Mitigation on Crop Yields
Percent change in crop yields from the EPIC model in the cantiguous U.S. under the Mitigation
scenario compored te the Reference for the JGSM-CAM and MIROC climate models.” Rice and potataes
are simulated under irrigated management onfy.
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Changes in Crop Price

As described in the Crap and Forest Yields Figure 1. Projected Change in
section of this report, giobal GHG mitigation National Crop Prlce_l[\dez( Due to
Global GHG Mitigation

is projected to result in generalfy higher crop N e,

N i : Percent change in crop price index under the
yields in the US. relative to the Reference. As Mitigation scenario relative to the Reference for
a result, mitigation is projected to result in the IGSM-CAM and MIROC climate models.
less pressure on land resources and decfining
commodity prices. As shown in Figure 1,
climate projections from both the IGSM-CAM
and MIROC climate models show steep
declines in a broad index of crop prices starting
around 2040, Projections using the drier
MIROC climate model resuit in greater declines
in crop prices by the end of the century than
those using the wetter IG5M-CAM model.
Adverse effects of climate change on crop and
food prices, which are Jargely avoided in the
Mitigation scenario, are consistent with the
findings of the assessment literature *

2010 2025 2050 2078 2100
~1GSM-CAM  ~ MIROC

Changes in Emissions

Changes in fand allacation, crop mix, and production practices in turn affect GHG emissions from
agriculture and forestry practices. Figure 2 shows the estimated changes in cumulative GHG
emissions under the Mitigation scenario compared to the Reference using projections from the
1GSM-CAM and MIROC climate models, Under the iGSM-CAM projections, GHG mitigation is
estimated to increase net GHG emissions from these sectors in the second half of the century.
The increase is due in large part to the generally lower forest productivity that is projected to
occur under the Mitigation scenario compared to the Reference, as the latter has higher
productivity driven by the generally warmer and wetter future climate, as well as the enhanced
pasitive effects of CO, fertilization (see the Crop and Forest Yields section). Thus, global GHG
mitigation results in less forest carbon sequestration over time, Higher levels of carbon storage
in forests under the generally warmer and wetter future of the IGSM-CAM Reference scenario
are consistent with the findings presented in the Carbon Storage section of this report.

Under the MIROC climate projactians, on the ather hand, forest productivity is enhanced
under the Mitigation scenario relative to the Reference, and forests take up and store more
carbon., in addition, although emissions from livestack agriculture rise, GHG emissions related
to crop production generaily decline as fess area is devoted to crops due to higher yields.

Figure 2. Projected Ch in Acc lated GHG Emissi in the Agriculture
and Forestry Sectors Due to Giobal GHG Mitigation

Projected change in cumuiative GHG emissions by type under the Mitigation scenario relative to the Reference
for the IGSM-CAM and MIROC climate models {billion metric tons of CO; equivalent),

1GSM-CAM MIROC
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The changes in crop prices and the level of
production and consumption of agriculture
and forestry products have important
implications for the economic welfare of
consumers and commodity producers. The
analysis measures these effects through
changes in consumer and producer surplus,*
as summarized in Table 1. Using both climate
model projections, global GHG mitigation
increases total economic weifare {well-be~
ing} in the agricuiture and forestry sectors by
$43 to $59 billion {discounted at 3%} through
2100 compared ta the Reference, Estimated
consumer surplus is higher under the drier
MIROC conditions than it is under the

Changes in Consumer and
Producer Surplus

227

1GSM-CAM, primarily due to the larger crop
yields under the Mitigation scenario
compared to the Reference (see the Crop
and Forest Yields section).

The effect of global GHG mitigation on
producer surplus varies depending on the
climate modef used. The IGSM-CAM climate
projections resuitin an increase in producer
surplus, though not as substantial as the
projected increase in consumer surplus. The
drier MIROC projections result in a stight
decrease in producer surplus due to the
substantial increase in crop yields and
resulting decrease in prices.

Table 1. Projected Effect of Global GHG Mitigation on Consumer and
Producer Surplus in the Agricuiture and Forestry Sectors
Change in cumulative consumer and praducer surplus from 2015-2100 under the Mitigation scenario
compared to the Reference {milfion 20143, discounted at 3%). Results are rounded to two significant digits
and therefore may not sum. In addition, the agricufture and forestry resulfs do not sum to totals
due to rounding, and because the table reflects independently calculated average

volues for agriculture, forestry, and combined totals.

Forestry 67

TOTAL $29,000

Agricutture $62,000 53,300 $59,000
Forestry 5160 $920 $750
TOTAL $62,000 52,400 $59,000
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n ecasystem is a community of
organisms interacting with each
other and their environment.

People, animals, plants, microbes, water,

and soil are typical components of ecosystems.
We constantly interact with the ecosystems
around us to derive and maintain services
that sustain us and contribute to our liveli-
hoods. Clean air and water, habitat for
species, and beautiful places for recreation
are all examples of these goods and services.
With the diversity of ecosystem types in the
U.S. being so great—from the tidal marshes of
the East Coast to the desert valleys of the
Southwest to the temperate rainforests of the
Pacific Northwest—climate change is likely to
fundamentaily alter our nation’s landscape
and natural resources.

HOW ARE ECOSYSTEMS VULNERABLE
TO CLIMATE CHANGE?

Ecosystems are held together by the interac-
tions and connections among their compo-
nents. Climate is a central connection in all
ecosystems. Consequently, changes in climate
will have far-reaching effects throughout
Earth's ecosystems. Climate change can affect
ecosystems and species in a variety of ways;
for example, it can lead to changes in the
timing of seasonal life-cycle events, such as

F‘r‘eshWate‘r
“Fish

Wildfire

migrations; habitat shifts; food chain disrup-

tions; increases in pathogens, parasites, and
diseases; and elevated risk of extinction for
many species.?

Climate change directly affects ecosystems
and species, but it also interacts with other
human stressors on the environment. Al-
though some stressors cause only modest
impacts by themselves, the cumulative impact
of climate and other changes can lead to
dramatic ecological impacts. For example,
coastal wetlands already in decline due to
increasing development will face increased
pressure from rising sea levels.

WHAT DOES CIRA COVER?

CIRA analyzes the potential benefits of global
GHG mitigation on coral reefs and freshwater
fisheries in the U.S,, focusing on changes in
recreational use of coral reefs and recreational
fishing. This section also examines the project-
ed impacts of ocean acidification on the U.S.
shellfish market. Lastly, CIRA quantifies the
physical and economic impacts of climate
change on wildfires and terrestrial ecosystem
carbon storage. Climate change will affect
many species and ecosystems beyond what is
explored in this report; consequently, CIRA
captures only a glimpse of the potential
benefits of GHG mitigation on this sector.

Carbon
Storage
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Climate Change and
Coral Reefs

Coral reefs, including those found in Hawaii and the
Caribbean, are unigue ecosystems that are home to
{arge numbers of marine plant and animal species.
They also provide vital fish spawning habitat, protect
shorelines, and are valuable for recreation and
tourism. However, shallow-water coral reefs are highly
vuinerable to climate change.’ High water tempera-
tures can cause coral to expel the symbiotic algae
that provide nourishment and vibrant cofor for their
hosts. This coral bieaching can cause the coral to die.
tn addition, ocean acidification {ocean chemistry
changes due to elevated atmospheric CO;} can
reduce the availability of certain minerals in seawater
that are needed to build and maintain coral skeletons.

Risks of Inaction

Without GHG mitigation, continued warming and ocean acidification will have very significant
effects on corai reefs. For major U.S. reefs, projections under the Reference show extensive
bleaching and dramatic loss of shaflow coral cover occurring by 2050, and near complete loss by
2100. In Hawaij, coral covet is projected to decline from 38% (current coral cover) to approximate-
1y 5% by 2050, with further declines thereafter. In Florida and Puerto Rico, where present-day
temperatures are already close to bleaching threshoids and where these reefs have historically
been affected by non-climate stressors, coral is projected to disappear even faster.* This drastic
decline in coral reef cover, indicating the exceedance of an ecosystem threshold, could have
significant ecological and economic consequences at regional levels. These projections of shatlow
coral oss for major .S, reefs are consistent with the findings of the assessment fiterature.®

Figure 1, Projected Impact of Unmitigated Climate Change on
Coral Reef Cover in the U.S.
Approximate reduction in coral cover at each focation under the Reference scenaria relative to
the initial percent cover. Coral icons do not represent exact reef locations. Results for 2075
are omitted as there is very little change projected between 2050 and 2100.

2010 2025 2050 2100

Peccent coral cover 38%

Percent corah cover 3%

Percent corsl cover 75% 6% 1%
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Reducing Impacts through
GHG Mitigation

Mitigating global GHG emissions can reduce Ficg“re 2, !:flr:e:lt c?:;ngfg; c:"a:;?f;f
B iologi o ithout Globa

only sorrfe.of the projec.ted biologicat and ‘ﬁ:t‘i‘:ati:: athajnr U.S. Reefs
economic impacts of climate change on coral

reefs in the U.S. Figure 2 shows projected coral
reef cover aver time in Hawaii, South Florida, j
and Puerto Rico under the Reference and 301
Mitigation scenarios. In Hawaii, the decline in

Hawait ~—-Reference
e Mitigation

reef cover stows under the Mitigation scenario .

compared to the Reference, as some of the 10i

extensive bleaching episodes and effects of o

ocean acidification are avoided. But even 2010 2025 2050 2075 2100
under the Mitigation scenario, Hawaii is

projected to eventually experience substantial W0, South Flarida

reductions in coral cover. In South Florida and
Puerto Rico, the projected GHG emission 301
reductions associated with the Mitigation

scenario are likely insufficient to avoid »
muitiple bleaching and mortality events by i
2025, and coral cover declines thereafter o -
nearly as fast as in the Reference. 2010 2025 2050 2075 2100
The delay in the projected decline of corat
results in an estimated $22 billion in economic
40 Puerto Rico

benefits for recreation across the three sites
through 2100 {discounted at 3%). The majarity 4.
of these recreational benefits are projected for
Hawaii, with an average value through 2100 of
approximately $20 biltion (95% confidence 100
interval of $10-530 biltion}. In Florida, where .
coral reefs have already been heavily affected, 2010 2025 2050 2075 2100
recreational benefits are also positive, but

notably lower at approximately $1.4 billion {35% confidence interval of $0.74-52.1 billion}. in
Puerto Rico, benefits are estimated at $0.38 miflion {95% confidence interval of $0.20-50.57
million), but only represent recreational benefits for permanent residents, and therefore are
not directly comparable to the other locations where visits from nonresident tourists are also
included. including the economic value of other services provided by coral reefs, such as
shoreline protection and fish-rearing habitat, would increase the benefits of mitigation.

201

REPRESENTATIVE PHOTOS
CORAL COVERAGE OF CORAL REEF DECLINE

HEALTHY REEF SEVERELY DEGRADED REEF NEARLY DEAD REEF
40-75% live coral cover 10-25% live coral cover <10% live coral cover
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Ocean Acidification
and Shellfish

The ocean absorbs about one quarter of the CO; released into the atmosphere by human
activities, primarily from the combustion of fossif fuels. Aithough the ocean’s ability to absorb
CO, prevents atmospheric levels from climbing even higher, measurements made over the fast
few decades have demonstrated that marine CO; fevels have risen, leading to an increase in
acidity {Figure 1).”2Ocean acidification is projected to adversely affect a number of valuable
marine ecosystem services by making it more difficult for many organisms to form shelfs and
skeletons.'> Some shellfish are highly vulnerabte to ocean acidification'® and any impacts to
these species are expected to negatively affect the econamy. Certain species have high
commercial value; for example, each year in the U.S., aysters, clams, and scaltops supply 170
milfion pounds of seafood valued at $400 million.'*

Figure 1. Ocean Acidification Impact Pathway for Shelifish

Risks of Inaction

The pace of ocean acidification is acceferating.
Since the industrial Revolution, the average
pH of surface ocean waters has fallen by 0.1,
representing a nearly 30% increase in
acidity.® Under the Reference scenario, ocean
acidification is projected to cause pH to drop
an additionat 0.3, representing a 100%
increase in acidity from pre-industrial times.
Continued ocean acidification is estimated to
reduce the supply of oysters, scallops, and clams in 2100 by 45% (13 million pounds per year),
48% (21 million pounds), and 32% (31 million pounds), respectively {Figure 2). These decreases
in supply are projected to result in price increases by 2100 of approximately $2.20 (a 68%
increase from 2010}, $3.10 {140%), and $1.30 (123%) per pound, respectively, and lead to
consumer losses of roughly $480 million per year by the end of the century. These projections
are consistent with the findings of the assessment fiterature, which describe reduced growth
and survival of U.S. shelifish stocks due to unmitigated ocean acidification.”
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Reducing Impacts through
GHG Mitigation

Reducing giobal GHG emissions can mitigate the ecological and economic impacts of
ocean acidification. Figure 2 shows how the supplies of oysters, scallops, and clams
are projected to fall with ocean acidification under the Reference and Mitigation
scenarios. Afthough supplies are estimated to decrease under both scenarios relative
to present-day supplies, the Mitigation scenario avoids a majority of the impacts,
particularly for clams. In 2100, giobal GHG mitigation is projected to avoid the loss of
54 mitlion pounds of oysters, scalfops, and clams, or 34% of the present-day U.S.
oyster supply, 37% of the scallop supply, and 29% of the clam supply.

Figure 2 also indicates how the increase in demand and the decrease in supply
are estimated to affect prices by 2100 for these sheilfish under the two scenarios.
Consumers are likely to substitute away from these shellfish as their prices increase,
but not entirely, and not without some decrease in satisfaction, The Mitigation
scenario keeps prices much closer to current levels, as indicated in Figure 2, resulting
in smaller consumer losses in the sheltfish market. in 2100, the benefits to shellfish
consumers from global GHG emissions reductions under the Mitigation scenario are
estimated at $380 mittion. The cumulative benefits over the century are estimated at
$1.9 bitlion (discounted at 3%).

Figure 2. Estimated impacts on the U.S. Shellfish industry
Projected changes in the supplies and prices of oysters, scalfops, and clams through 2100 under the
Reference and Mitigation scenarios relative fo the base period.

Percent Change Percent Change Savings due to
in Supply : in Price Mitigation
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Climate Change
and Freshwater Fish

Freshwater fishing is an important recreationat activity that contributes significantly to local
economies in many parts of the country. Most fish species thrive only in certain ranges of water
temperature and stream flow conditions. For exampte, trout and salmon can only tolerate
coldwater streams, while shad and targemouth bass thrive in warmwater habitats (see below
infographic). Climate change threatens to disrupt these habitats and affect certain fish
populations through higher temperatures and changes in river flow.”

Risks of Inaction

Without GHG mitigation, climate change is projected to have a significant impact on freshwater
fishing in the contiguous U.S. increasing stream temperatures and changes in stream flow are
likely to transform many hahitats that are currently suitable for coldwater fish into areas that are
only suitabte for warmwater species that are less recreationally valuable. Under the [GSM-CAM
climate projections, coldwater fisheries are estimated to be limited almost exclusively to the
mountainous West in 2100, and would almost disappear from Appalachia. In addition, substantiat
partions of Texas, Okiahoma, Kansas, and Florida would shift from warmwater to rough habitat
{Figure 1}, Overafl, unmitigated climate change is projected to result in a 62% decline in coldwa-
ter fish habitat by 2100, which includes approximately 440,000 acres of fost stream habitat,
Meanwhile, warmwater and rough stream habitats are projected to increase by 1.3 million and
450,000 acres, respectively. The projected foss of coldwater fish habitat and expansion of
warmwater and rough fisheries are consistent with the findings of the assessment fiterature 23

Figure 1. Projected impact of Unmitigated Climate Change
on Potential Freshwater Fish Habitatin 2100
Change in distribution of areas wheve stream temperature supports different fisheries under the
Reference scenarfo using the IGSM-CAM climate model, Results are presented for the 8-digit hydrologic unit
codes {(HUCs} of the contiguous U.S.

urrent Cold, Projected Cold
urrent Cold, Projected Warm

urrent Warm, Projected Warm
B Current Warm, Projected Rough

Trout Salmon Smalimouth Bass Shad
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Reducing Impacts through
GHG Mitigation

Global GHG mitigation is projected to prevent much of the foss of
coldwater fish habitat that occurs in the Reference {Figure 2).
Although coldwater stream habitat will likely still be reduced
under the Mitigation scenario {(by approximatety 85,000 acres by
2100), mitigation avoids approximately 81% of the losses incurred
under the Reference, preserving an area equat to approximately
360,000 acres of suitable stream habitat nationally. This habitat
supports valuable recreational fishing, especially in Appalachia
and farge areas of the Mountain West. Also, fewer acres are
converted to less economically valuable warmwater and rough
fisheries under the Mitigation scenaric than under the Reference.
Specifically, stream habitat suitable for warmwater and rough
fisheries increase by 450,000 and 13,000 acres, respectively, under
the Mitigation scenario, which is 36% and 3% of the expansions estimated under the Reference.

Compared to the Reference, the Mitigation scenario provides economic benefits of approxi-
mately $1.5 bilion through 2100 for coldwater fishing only, and $380 million when alf three
freshwater fishery types {cold, warm, and rough) are considered (discounted at 3%). These resuits
rely upon climate projections from the IGSM-CAM, which projects a relatively wetter future for
most of the U.S. compared to the MIROC climate model. The projected benefits of global GHG
mitigation through 2100 are lower with the drier MIROC maodet (not shown) for coldwater fishing
only, at approximately $1.2 bitlion, but higher when ali three fisheries are considered, at approxi-
mately $1.5 bilfion {discounted at 3%).?*

Figure 2, Projected Impact on Potential Freshwater Fish Habitatin 2100
with Global GHG Mitigation
Change in distribution of areas where stream temperature supports different fisheries under
the Mitigation scenaric using the IGSM-CAM climate madel. Results are presented
for the 8-digit HUCs of the contiguous U.5.
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Climate Change and Wildfire

Terrestrial ecosystems in the U.S. provide a
wealth of goods and services such as timber,
wildlife habitat, erosion management, water
filtration, recreation, and aesthetic value.
Climate change threatens these ecosystems
as heat, drought, and other disturbances
bring larger and more frequent wildfires.
Wildfires can damage property, disrupt
ecosystem services, destroy timber stocks,
impair air quality, and result in loss of fife ® In
the fast decade (2004-2013), more than 72
million acres of forest have burned due to
wildfires, and the U.S. government has spent
in excess of $15 billion on wildfire suppres-
sion.* Additionaly, wildfires release carbon
stored in terrestrial ecosystems, potentially
further accelerating climate change >

Risks of Inaction

Without GHG mitigation, climate change is projected to dramatically increase the area burned
by wildfires across mast of the contiguous U.S., a finding that is consistent with the assessment
literature.® Under the Reference using the IGSM-CAM climate prajections, approximately 5.3
million* more acres—an area greater than the state of Massachusetts-—are projected to burn
each year at the end of the century compared to today. This represents a doubling of acres
burned compared to today's rates.** However, the estimated impacts vary across regions and
through time (Figure 1), Consistent with the assessment literature,* the western U.S.*" is projected
to experience large increases in burned area by the end of the century (an increase of approxi-
mately 43%). in particular, the Southwestern region (comprising Arizona, New Mexico, and West
Texas) is projected to experience increases of 140% on average.* Wildfire in other regions is not
prajected to change significantly compared to today, and some regions, such as the Northeast,
are estimated under the iGSM-CAM projections to experience decreases in wildfire activity.

Figure 1. Projected Impact of Unmitigated Climate Change on Wildfire Activity
Change in average annual acres burned under the Reference scenario by mid-century (2035-2064] and
end of century {2085-2114) compored o the histaric baseline (2000-2009} using the iGSM-CAM climate model.
Acres burned inctude all vegetation types and are calculated at a cell resolution of 0.5°x 0.5°.
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25 . _—

Change in Acres Burned
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Reducing Impacts through
GHG Mitigation

As shown in Figure 2, global GHG mitigation Benefits of GHG Mitigation

significantly reduces the area burned by 210-300 million fewer acres burned over

the course of the 21 century, an area 2-3 times
the size of California

wildfire in the U.S. over the course of the
27 century. By 2100, the Mitigation scenario
reduces the cumulative area burned by
approximately 210-300 miliion acres,
depending on the climate model used, This
corresponds to a 13-14% reduction relative
to the Reference. As shown, the combined
area of wildfires avoided in the contiguous
U.5. due to GHG mitigation is equivalent to
two to three times the size of California.
These benefits of GHG mitigation wouid
fargely occur in the West, where approxi-
mately 64%-75% of the avoided burned area is located.

Nationaly, the avoided wildfire due to GHG mitigation corresponds $11 billion in reduced
wildfire response costs and $3.4 billion* in avoided fuet management costs for conservation
fands through 2100 (both discounted at 3%). Other economic damages from wildfire that are
not estimated in this analysis, such as human health effects from decreased air quality, could
have large implications at national and regional scales, These results rely upon cfimate
projections from the IGSM-CAM, which projects a relatively wetter future for most of the US.
compared to the MIROC climate madei {see the Levels of Certainty sectian of this repart for
more information). The projected benefits of global GHG mitigation are slightly fower for the
drier MIROC model, with wildfire response cost savings estimated at $8.6 billion through
2100 (discounted at 3%).*

Figure 2, Estimated Acres Burned with and without Global GHG Mitigation
Estimated acres burned by wildfire in the contiquous LS. over the course of the 21" century under the Reference
and Mitigation scenarios using the IGSM-CAM climate model, with trends shown in boid, The large inter-annual

variability reflects simulated periods of fuel accumulation foliowed by seasons of large wildfire activity,
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Climate Change and Terrestrial
Carbon Storage

Terrestrial ecosystems influence the climate system  Figure 1, Carbon Storage Basics
through their important rofe in the global carbon

cycte. These ecosystems capture and store carbon PHOTOSYNTHESIS,
from the atmosphere, thereby reducing its climate s&ma&?:%‘ﬁ
impact. However, they can also act as a source,

releasing carbon through decomposition and

wildfires (Figure 1), Terrestrial ecosystems in the

U.5., which include forests, grasstands, and

shrublands, are cusrently a net carbon sink. Today,
forests store more than 227 miflion tons of carbon per
year, which offsets approximately 16% of alt annual U.S.
carbon dioxide emissions from fossil fuel burning.*” Forest carbon
storage has increased due to net increases in forest area, improved forest management, as
well as higher productivity rates and longer growing seasons driven by climate change.”
However, climate-driven changes in the distribution of vegetation types, wildfire, pests, and
disease are affecting, and wilt continue to affect, U.S. terrestrial ecosystem carbon storage.™

OMBUSTION,
RESPIRATION,
DECOMPOSITION

Risks of Inaction

Climate change impacts on terrestrial ecosystem carbon storage under the Reference are on
the order of billions of tons of carbon from 2000 to 2100, with some regions showing
substantial changes in terrestrial carbon stocks {total amount of carbon in the vegetation].
Under the IGSM-CAM climate projections, terrestrial ecosystem storage across the contigu-
ous U.S. is projected to increase 3.4% from 2000 to 2100 {equal to 2.9 biltion metric tons),*
primarily due to generally warmer, wetter, and COy-rich future conditions that are favorable
to vegetative growth. Much of the national trend is driven by the Rocky Mountains, South,
and East regions, which have the largest projected increases in terrestrial ecosystem carbon.
However, as shown in Figure 2, there is substantial regional variation, and projections for
carbon storage vary greatly depending on the projected future climate. Results using the
drier MIROC climate model project net reductions in stored carbon under the Reference in
most regions. These resuits are consistent with the findings of the assessment fiterature.”

Figure 2. Projected Impact of Unmitigated Climate Change
on Stored Carbon in 2100
Simulated changes in carbion stocks from the baseline (2000-2009 average) projected by the IGSM-CAM and
MIROC climate models are aggregated by U.S, Forest Service Geographic Area Coordination Center region,

IGSM-CAM

Percent Change in Carbon Stocks
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The impacts of GHG mitigation on national
terrestrial ecosystem carbon storage are
highly dependent upon the projected future
climate, with the magnitude and even
directionality of impacts varying over time
{Figure 3). Across the contiguous U.S,, average
results across the IGSM-CAM initializations
show that GHG mitigation reduces stored
carbon compared to the Reference by 0.5
billion metric tons over the course of the
century. The economic value of this fost
carbon under the Mitigation scenario is an
estimated $9.0 billion {discounted at 3%}. As
shown in Figure 3, carbon stocks under the
Mitigation scenario are Jarger than the
Reference in the first half of the century under
the IGSM-CAM, but the trend reverses after
2050, as climate conditions under the
Reference {generally warmer and wetter} are
more favorable for vegetative growth. There is
an early savings from the near-term gain in
stored carbon of approximately 1.1 billion
metric tons, estimated at $170 billion by 2030
{discounted at 3%). However, these initial
gains are not farge enough to offset projected
fosses in the second half of the century.

The projected impacts of climate change
on vegetative carbon storage and the effects

Reducing Impacts through
GHG Mitigation

of GHG mitigation are different when using
the relatively drier climate projections from
the MIROC model {Figure 3). The MIROC
results project a consistent increase in carbon
storage benefits when comparing the
Mitigation scenario to the Reference, with a
carbon stock increase of 1.4 billion metric
tons by 2100. The economic value of this
carbon gain under the Mitigation scenario is
an estimated $120 biltion (discounted at 3%).
Resufts using IGSM-CAM projections show
much more variability over time than the
MIROC results, which is primarily a reflection
of the climate projection method.*

Figure 3. Projected impact of Global GHG Mitigation on
Carbon Stocks in the Contiguous U.S.

Estimated change in the size of terrestrial ecosystem carbon stocks under the Mitigation scenario
compared to the Reference. Positive values indicate farger carbon stocks under the Mitigation
scenario compared to the Reference, and vice versa, The thin lines represent estimated changes in
carban stocks under the different initiolizations of the IGSM-CAM climate model.

Biltions of Metric Tons of Carbon

2010 2025 2050 2075 2100

wasse MIROC

IGSM-CAM Average
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This section provides an overview of the national and
regional results for all sectors included in the report. The
National Highlights section presents the estimated physical
and monetary benefits (avoided impacts) to the U.S. of the
global GHG mitigation scenario compared to the Reference
scenario in 2050 and 2100.

The Regional Highlights section shows regional impacts
that are particularly notable, presenting changes in both the
Reference and Mitigation scenarios to highlight the potential
benefits of global GHG mitigation. The individual monetized
estimates presented in these sections are not aggregated,
as there are differences in the types of costs being quantified
across sectors; furthermore, not all potential impacts of
climate change are represented in this report.
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OVERVIEW OF RESULTS

National Highlights

his section provides an overview of the national-scale results presented

throughout this report. It presents the estimated physical and monetary benefits

(avoided impacts) to the U.S. of global GHG mitigation compared to the Reference
scenario in the years 2050 and 2100. Although not available for all sectors, cumulative
benefits for the entire 21 century would likely be much larger than the annual estimates
presented here. In addition, the individual monetized estimates are not aggregated, as
only a subset of climate change impacts is quantified in this report, and there are differ-
ences in the types of costs being quantified across the sectors. For detailed information

on the results, and a summary of the methodologies used, please refer to the Sectors
section of this report.

CAIR

nthe y;;ar 2050, g!obal GHG mlugation
ected o

Anestimated 13,000 fewer deaths from poor air-quality,

- ulobal NG mitlyaﬁon .
ted to resultin

“An estimated 57,000 fewer deaths from poor alr qua Y,

QUAFITY valued at $160 billion.* valued al $930 bithion*

EXTREME An estimated 1,700 fewer deaths from extreme heat and An estimated 12,000 fewer deaths from extreme heat and

TEMPERATURE | cold in 49 major U.S. cities, valued at $21 bitlion. cold in 49 major U.S, cities, valued at $200 bitlon,

LABOR An estimated avoided toss of 360 million Iahor hours, An'estimated avoided loss of 1.2 billion fabor hﬁufs,
valised:at $18 biflion; valied atSHObdl:on y

WATER An estimated $507-5700 million in aveided damages from An estimated $2.6-$3.0 biition in avoided damages from

QUALITY poor water quality.’ poor water quality.’

INFRASTRUCTURE

BRIDGES - An estiniated 160-960 fewer bndges made sttuctura!ly A estimated 720- 2 300 fewer bridges made structuraﬂy

. viinerable," valued at $0.12-$1.5 biflion."” vilnerable; valied at $1.1:$1:6 billion. g
ROADS An estimated 50.56-52.3 billion in avoided adaptation An estimated $4.2-$7.4 billion in avoided adaptation costs.’

costs.

URBAN. An estinated $56 million to $2:9 biflion in avoided adapta- 1Ay éstimated $50 million to/$6.4 bitlion in avoided-adapta+
DRAINAGE tiGh Costs from the 50-year, 24-Hour storm in 50 U.S; cities.” -} ‘tian costs fram the 50:-year, 24-hour storm in 50 U.5: cities.
COASTAL An estimated $0.14 billion in avoided damages and An estimated $3.1 billion in avoided damages and adapta-
PROPERTY adaptation costs fram sea level rise and storm surge. tion costs from sea level rise and storm surge.

DEMAND AND
SUPPLY

Anéstimated 1.1 0% reduction in energy demand

‘and $10-534 billion in'savings in power system costs.’ -

Not estimated;

*These results do not reflect the additional benafits to air guality snd human health that would stem frcm the co-controt of tmd.nanas air polfutants afong with GHG emissions.

* for sectars sensitive to changes in

US.The

range of resuits

patterns of

1GSM-CAM madel projects 2 refatively “wetter” future far most of the cantiguaus U3, compared to the dner MROC modelt <see the CIRA Framewark section of this repart for more information).

*Estimated range of benefits from the reduction in demand and systen: costs resulting from lower temperatures associated with GHG mitigation. Thie electricity section in this report presants an analysis that includes
the costs to the electric sector of reducing GHG emissions,
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INLAND
ELOODING

DROUGHT

WATER
SUPPLY AND.
DEMAND

'AGRICULTURE

FORESTRY

SHELLFISH

FRESHWATER
FiSH :

WILDFIRE

CARBON:
STORAGE

) ' Anestimated thange inflocding damages ranging from $260°
iiflion in damages to $230 million in avoided damages.”:

An estimated 29%-45% fewer severe and extreme droughts,
with corresponding avoided damages to the agriculture
sector of approximately $1.2-$1.4 biftion.!

Anestimated $3.9:554 billionin aveided damages due to
water shortages.”

An estimatekd;$1,5-$3.8 billion in avoided damages:

Estimated damages of $9.5-59.6 billion,

Anestimated avoided loss of 53% okfk‘cpra! in Hawaii,
3.7% 0 Florida, and 2.8% in Puetto Rico. These aveided
fossesare valued at $1.4 billion: :

An estimated avoided {oss of 11% of the U.S. oyster
supply, 12% of the U.S. scaflop supply, and 4.6% of the
US. clam supply, with corresponding consumer benefits
of $85 miltion,

Anestimated change.in recreational fishing ranging from
‘$13million in avoided damagesto $3.8 million in damages.’

An estimated 2.1-2.2 million fewer acres burned and
corresponding avoided witdfire respanse costs of $160-$390
miltion.!

An estimated 2678 miflion fewer metric tons of carbon
stored; and corresponding costs 0f $7.5-523 billion:!

An:estimated change in flooding damages ranginig from
$32 mitlion i damagés to $2.5 billioniin avoided damages!

An estimated 40%-59% fewer severe and extreme droughts,
with corresponding avoided damages to the agricufture
sector of $2.6-$3.1 billion.!

water shortages.”

An estimated $119$180 biltion in avoided damages due to

AR estimated $6:6-$11 billion in avoided damages;

An estimated $520 million to $1.5 biflion in avoided
damages.

An estimated avoided loss of 35% of coralin Hawail, 1.2%:
in Florida; and 1.7%in Puerto Rico: These avoided Josses ate
valued at $1.2 billich. ‘

An estimated avoided loss of 34% of the U.S. oyster
supply, 37% of the U.S. scallop supply, and 29% of the
U.S. clam supply, with corresponding consumer benefits
of $380 miflion,

Anestimated $95:5280 milliori in avoided damages: .
associated with recreational fishing:t v

An estimated 6.0-7.9 miltion fewer acres burned and
correspanding avoided wildfire respanse costs of $940
miflion to $1.4 billion.!

Anestimated 1-26 million fewet rétric tons of carbor stored,
anid correspondinig costs of $880 miflionto $12 biltion.”

79



244

SHELLFiSH

Acidification in the Pacific Northwest is already affecting
USS. shelifish harvests. The U.S. supplies of oysters,
clams, and scalfops are projected to dectine 45%, 32%,
and 48%, respectively, in the Reference scenario in
2100, compared to 11%, 3%, and 11%, respectively, in
he Mitigation scenario.

CARBON STORAGE \
The Northwest is projected to experience a 6.1%

decrease in terrestrial carbon storage in 2100 under the
Reference scenario, compared to a 2.4% decrease in the
Mitigation scenario,

WATER SUPPLY AND DEMAND
California is projected to incur 54.5 billion in damages in
2100 due to changes in water supply and demand in the
Reference scenario. However, climate change under the
Mitigation scenario is projected to resuft in an increase
inwelfare of $40 million, .

LABOR

in 2100, the Southwest is projected to experience a
3.4% decrease in high-risk labor hours worked in the
Reference scenario, compared to a decrease of 0.82%
in the Mitigation scenario,

DROUGHT

in the Southwest, the number of severe and
extreme droughts is projected to nearly quadrupie
by the end of the century in the Reference scenario
compared to today. In the Mitigation scenario, the
incidence of drought is not projected to change
substantially from present day.

WATER QUALITY -
The Southwest is projected to experience water quality
damages of approximately $1.8 biftion in 2100 under the
Reference scenario, compared to $470 milfion in the
Mitigation scenario,

WILDFIRE
In the Rocky Mountains, an estimated 1.9 million more

} acres are projected to burn in 2100 under the Reference
scenario compared to today. In the Mitigation scenario,
an estimated 1.5 million fewer acres are projected to
burn compared to today. /

CORAL REEFS
By the end of the century, Hawaii is projected to lose

98% of its current shallow-water coral in the Reference
scenario, compared to 64% in the Mitigation scenario.

INLAND FLOODING

3 InTexas, projected damages associated with the
100-year flood event are $3.6 billion in 2100 under the
Reference scenario, compared to $2.6 biltion in the
Mitigation scenario.

counted 2044 doflars and rely Gpon chimate |
teadt fo variations n sesults for same sectors

from the 1GSKE-CAM i gl Results using projections feam other climate mndels, such a5 the MIRDC modss used
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ROADS

In 2100, the Great Plains region is projected to incur
road damages of approximately $3.5 billion in the
Reference scenario, compared to $1.1 billion in the
Mitigation scenario.

BRIDGES

in the Great Lakes region, approximately 520 bridges are
projected to be vulnerable in 2100 under the Reference
scenario, compared to 65 in the Mitigation scenario,

FRESHWATER FISH

Throughout the Appalachians, global GHG mitigation is
projected to preserve approximately 70% of habitat for
coldwater fish species {e.q., trout) that wouid otherwise
be lost by the end of the century o rising temperatures
from unmitigated climate change,

EXTREME TEMPERATURE

Withaut mitigation, major cities in the Northeast from
D.C. to Boston are projected to suffer a combined 2,600
extreme temperature martafities in 2100, compared to
190 in the Mitigation scenaria.

URBAN DRAINAGE

In 2100, major cities analyzed in the Great Plains are
estimated to incur $2.1 million per square mile in
damages associated with urban drainage systems in the
Reference scenario, compared to $750,000 per square
mile in the Mitigation scenario,

AIR QUALITY

in 2100, areas of the Southeast are projected to
experience an annual increase in ozone {O,) and fine
particutate matter {PM, s} of 0.7 ppb and 1 pg/m?,
respectively. In the Mitigation scenario, the levels of
0; and PM,5 are projected to decrease by 120% and
88%, respectively, compared to the Reference.

|
t
|
i
i
|
|

i g
ELECTRICITY DEMAND
The South Central region is projected to experiencé\“\
a2.0% to 4.2% increase in electricity demand under
the Reference scenario in 2050. In the Mitigation
scenario, the projected change in demand ranges
from -1.4%to 1.6%,

i

i
AGRICULTURE

in the Southeast, yields of irrigated soyheans are
projected to decrease 23% in 2100 under the Reference
scenario. Under the Mitigation scenario, yieids are
projected to increase 4.7%.

COASTAL PROPERTY

tn 2100, the Tampa Bay area is projected to incur $2.8
billien in damages fraom sea level rise and storm surge
in the Reference scenario without adaptation. When
adaptation measures are imptemented, total costs in
2100 fall to $500 million in the Reference scenario,
compared ta $450 million in the Mitigation scenario.
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Conclusion

Understanding the potential timing and
magnitude of climate change impacts in the U.S., and how
they could be reduced or avoided through GHG mitigation,
informs near- and long-term policies to address these risks.
This report describes climate change damages in the US.
across multiple sectors using a consistent set of scenarios
and underlying assumptions.’ in doing so, the study
estimates the physical and economic risks of unmitigated
climate change and the potential benefits to the U.S. of
reducing global GHG emissions, Importantly, only a small
portion of the impacts of climate change are estimated,
and therefore this report captures just some of the total
benefits of reducing GHGs. Looking acrass the large
number of sectoral impacts described in this report, a
number of key findings emerge:

+ Unmitigated climate change is projected to profoundiy
affect human heaith, the U.S. economy, and the environ-
ment, The CIRA analyses demonstrate substantial and
far-reaching changes over the course of the 21% century—
and particularly at the end of the century—with negative
consequences for a large majority of the impact sectors. in
addition, the analyses suggest that climate change impacts
will not be uniform across the U.S., with most sectors
showing a complex pattern of regionat-scale impacts.

« Global action to mitigate GHG emissions is projected to
reduce and avoid impacts in the U.S, that would other-
wise occur in a future with continued high growth in
GHG emissions. Importantly, these benefits are projected
to increase over the course of the century. The analyses
indicate that risks and impacts over the long term will not
be avoided unless there is near-term action to significantly
reduce GHG emissions. This report presents benefits for one
ilustrative global GHG mitigation scenario. More stringent
emissions reductions would likely increase the benefits
compared to the Reference scenario, and, conversely, less
stringent reductions would likely decrease the benefits.

« Global GHG mitigation substantially reduces the risk of
some extreme weather events and their subsequent
impacts on human heaith and weil-being by the end of
the century.

« Adaptation, especially in the infrastructure sector, can
substantially reduce the estimated damages of climate
change. For some impacts, such as those described in the
Coastal Property section, well-timed adaptation can have a
{arger effect an reducing the risks of inaction than globat
GHG mitigation, particularly in the near term, highlighting
the need for concurrent mitigation and adaptation actions.

82

« For some impacts, the effects of global GHG mitigation
can vary across different projections of future climate.
Thisis particularly true for those sectors sensitive to changes
in precipitation. For a few of these sectors, mitigation results
in either benefits or dishbenefits depending upon the
simulated level of future precipitation.? By analyzing multiple
types of impacts by sector, such as flooding, drought, water
quality, and supply/demand in the water realm, and using a
range of projections for future precipitation, a more compre-
hensive understanding of potential impacts and mitigation
benefits is gained.
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Next Steps

This report represents a significant and important contribution to estimating the multi-sectoral benefits to the U.S. of global GHG
mitigation. Although the results presented in this report do not provide comprehensive coverage of all potential impacts, the
breadth and depth of the analyses will expand in future work within the CIRA project. Comprehensive and quantitative estimates of
climate change impacts are not only needed to evaluate the benefits of GHG mitigation, but also to evaluate the cost-effectiveness
of adaptation responses, and to support the improvement of other economic tools used to analyze climate and energy poticies.
Although CIRA only begins to capture many of the dynamics and uncertainties involved in impact analysis {e.g., interactions among
sectoral models), this report provides timely and quantitative estimates as the science continues to advance in this field. Future work
to refine projections of how GHG emissions affect the climate, and how these changes affect society and the environment, wilf
improve our understanding and confidence in the estimates presented in this report.

Additional Climate Change Resources

EPA’s Climate Change website (www.epa.
qov/ci ange) provides a good
starting point for further exploration of
this topic. From this site, you can:

+ Read about greenhouse gas emissions,
fook through EPA’s greenhouse gas
inventories, and explore EPA’'s Greenhouse
Gas Data Publication Tool,

« Learn about EPA's regulatory initiatives
and partnership programs.

« Find out what you can do at home, on
the road, at work, and at school to help
reduce greenhouse gas emissions.

Other g and g
websites also provide information about
climate change. Here are some examples:
- The fntergovernmental Panef on Climate
Change (IPCC} is the international
authority on climate change science. The

knowledge about ciimate change and
includes tinks to their most recent Fifth
Assessment Report.

- The U.5. Globat Change Research Program
{vwwglol v} is 2 multi-agency
effort focused on improving our under-
standing of the science of climate change

and its potential impacts on the U.S.
through reports tike the National Climate
Assessment.

Finally, other groups are working to

estimate the impacts of climate change in

the U.S. and/or other world regions. Here
are some examples:

« The inter-Sectoral Impact Model Inter-
comparison Praject (ISE-MIP; https://
wiew,pik-potsdam.de/research/

mpacts-gnd-vulner;

arch/rd2-cross-cutting-activities/
mip) is an international, community-
driven modeliing effort bringing together
impact modeis across sectors and scales.
= The Risky Business Project (http://
ik iness.org/} focuses on quantifying
and pubicizing the econamic risks
from the impacts of a changing climate
intheUS.

+ The European Commission joint Research
Centre's PESETA It project (Projection of
Economic impacts of climate change in
Sectors of the European Union based on
bottom-up Analysis; hitp//pesetadic.ec

« AVOID (htip://

avoidy) is a research program that
provides modeling and scientific informa-
tion to the U.K. Government on avoiding
dangerous climate change brought on by
greenhouse gas emissions.

- The project on the Benefits of Reduced
Anthropogenic Climate Change (BRACE;
https://chspucaredu/brace) focuses on

wwmetoffice. gov.uk/

urop; is a consistent multi-sectoral
assessment of the impacts of climate
change in Europe.

differences in impacts resulting from
climate change driven by high and low
emissions scenarios.

83
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0, R. Pichs-Madruga, Y. Sokona, E. Farahani, S. Kadner, K. Seyboth, .. and J.C. Minx, Eds.
New York, NY: Cambridge University Press.

Athird emissions scenario was applied in mast CIRA sectaral analyses, as described
and presented in the research papers supporting the project. in 2100, this scenatio,
called Policy 4.5 in the CIRA project, achieves a radiative forcing of approximately

4.2 W/m with an atmospheric GHG concentration of 600 ppm {CO; eguivalent). This
eadiative forcing value reflects GHG radiative forcing fi.e., not facluding aerosols) and
usés a baseline of 1750 (both of which are necessaty adjustments for comparing to the
{POC RCPs), therefore making it slightty different than the value repasted previously in
the CIRA fiterature {4.5 W/m?).

Paitsev, S, LM. Reilly, H.D. Jacoby, RS. Eckaus, J, McFartand, M. Sarofim, M. Asadaorian,

and M. Babiker. 2005. The MIT Emissions Prediction and Policy Analysis (EPPA) madel:

version 4. Report 125, MIT Joint Prageam on the Science and Policy of Globat Change.
hange.mitedinublicat

By 2100 (using a basefine of 1750}, the CIRA Reference scenaria has a total radiative
forcing of 9.8 W/m?, which appears considerably larger than RCP 8.5, However, the
cantrast is primarily due to differences in how forcing is cafculated by different GCMs
used in develaping those scenarios. The 1GSM radiation code was derived from the
GISS climate model, and therefore when calcufating radiative forcing due to increased
cancentratians in the IGSM, forcing functions fit to the GISS code were used rather
than the mare common approach of Lsing simplified equatians, such as those defined
0 IPCC's Third Assessment Report. Using these simplified equations, total radiative
farcing for the CIRA Refarence is 8.6 W/m?, and 3.2 W/m? far the Mitigation scenario.
Other differences between the IGSM scenarios and the RCPs are due to differances in
anthropagenic emissions, natural emissions responses to warming, and atmospheric
chemistry.

Paitsev, S, £. Monier, J. Scott, A. Sokalov, and J. Reifly. 2013. Integrated ecanomic and
climate projections for impact assessment, Climatic Change, DOH10.1007/510584-
013-0892-3. We also note that the Reference scenario is calibrated using historic GHG
emissians through 2010; see Paitsev et al. {2013} for more information.

Paltsev, S, E. Manier, J. Scott, A. Sokolov, and J. Reifty. 2013, integrated ecanamic and
climate projections for impact assessment, Climatic Change. DO10.2007/510584-013+
0892-3.

Radiative forcing {including COs, CHy, N0, PECs, SFs, HFCs, CFCs and HCFCs) for the
Freference and Mitigation scenarios (see Paltsev et al. 2013}, compared to the four RCPs
{data from Meinshausen et al. 2011). The negative forcing effects of aerosols are not
included. See: Meinshausen, M., S. J. Smith, K, V. Calvin, J. $. Daniel, M. 1. T. Kainuma, J-
£.tamarque, ...and D. van Vuuren. 201 1. The RCP Greenhouse Gas Concentrations and
their Extensian from 1765 to 2300. Climatic Change, DOK10.1007/510584-011-0156-2.

Flease see the fiterature underlying the CIRA project far information on past-pracessing
and bias-correction of cimate outputs for use in the sector analyses.

Morier, E. X. Gao, 4. Scott, AP. Sokotoy, and CA. Schiosser. 2014. A framework for
modefing uncertainty in regionat dimate change. Climatic Change. DO10.1007/
$10584-014-1112:5.

Adaptive actions modeted in the sectoral analyses of this report should nat be inter-
preted as recommendations of these particular strategies.

Walsh, 1, D. Wuebbles, K, Hayhoe, J. Kossin, K. Kunkel, G. Stephens, ... and R, Somerville.
2014. Chapter 2: Our Changing Climate. Cimate Change impacts in the United States:
The Third National Climate Assessment, J.M. Melillo, R.C. Richmand, and G. W. Yohe, Eds.
U.5. Global Change Research Program. DO 10.7930/J0KWSCXT.

The U.S. Global Change Research Program’s Nationat Climate Assessment (NCA) cesults
are reported for the RCP 8.5 scenario, using a range (5™95™ percentile) of results fram
2 suite of climate models, adjusted to match the same baseline period used for the
IGSM-CAM model. The NCA afso presents resuits from the older SRES madels: the A2
scenario from SRES was projected to warm by 5-8°F by 2100.

Future climate change depends of the response of the global climate system to fising
GHG cancentrations fi.e., how much temperatures wil ise in respanse to a given
increase in about this refationship are referred to a5
dlimate sensitivity.

1PCC. 2014, Summary for Poficymakars. In: Climate Change 2014, Mitigation of Climate
Change. Contribution of Working Group H to the Fifth Assessment Report of the inter-
governmental Panel o Climate Change, Edenhofer, 0., R. Pichs-Madruga, Y. Sokona, .
Farahani, 5. Kadner, K. Seyboth, .. and J.C. Min, Eds. New York, NY.

1PCC. 2013, Summary for Poficymakers. tn: Climate Change 2013: The Physical Science
Basis. Contribution of Working Group 1o the Fifth Assessment Report of the Intergovern-
mentaf Pane! an Climate Change, Stocker, T£., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen,
J.Boschung, ...and P-M. Midgley, Eds. New York, NY.
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The estimate of warming from the historicaf period {0.65°C used In Figure 1 of the
Temperatuce Projections section is slightly less than the IPCC's estimate of 0.85°C be-
cause the former utilizes a 30-yr average {1980-2009} to represent the current period.

Warming from the historicat period {0.65°C} comparing 1880-1909 to 1980-2009 was
calcutated using the NOAA Globat Historical Climatofogy Network GHCN-3 dataset of
Glabal Land and Ocean Temperature Anomalies (avaitable at httpi/iwww nedgnoas,
qovicaatin ‘ 4 oeanivid/12/1280-2014.csv). Combined
with this historical warming, the 2°C target {refative to preindustrial} is equivalentto a
warming of 2.43°F {refative to the 1980-2008 baseline period), as shown in Figure 1 of
the Temperature Projections section, This vatue is consistent with the average of the
{ast two decades of the century (2081-2100) for the CIRA Mitigation scenario: 2.23°F,

Monier, E. and X. Gao. 2014. Climate change impacts on extreme events in the United
States: an uncertainty analysis. Climatic Change, DG10.1007/510584-013-1048-1,

ibid.

The CIRA sea teve! rise scenarios are at the high end of projected sea levet rise rates for
similar scenarios based on recent publications {Hortan et al. 2014, Kopp et al. 2014)
However, we also note that the effect of GHG mitigation on reducing the increase in
future sea fevel was found to be larger in these studies. The use of 3 smaller sea level
rise would likely lead to a decrease in total damages, but a larger reduction in sea levet
rise due to the Mitigation scenario woutd likely yietd farger economic benefits than
those presented in this repart. See: 1) Horton, B.3, 5. Rahmstorf, S.E. Engelhart, and A.C.
Kemp. 2014, Expert assessment of sea-tevel rise by AD 2100 and AD 2300, Quaternary
Science Reviews. DOK10.1016/j.quascirev.2013.11.002; and 2) Kopp, RE. RM. Hortan,
CM. Littte, 1.X. Mitrovica, M. Oy il DJ. B.H.Strauss, and C. Tebaldi,
2014. Probabilistic 21% and 22 century sea-level projectians at a global network of
tide-gauge sites. Earth’s Future. DOK10.1002/2014EF000239,

Waish, 1, 0. Wuebbles, K. Hayhoe, 1. Kassin, K. Kunkel. G. Stephans, ... and R, Somervitte.
2014. Chapter 2: Our Changing Climate. Climate Change Impacts in the United States:
The Third Nationat Climate Assessment, .M. Meliflo, RC. Richmand, and G. W. Yohe, Eds.
US. Global Change Research Program. DOE10.7930/J0KWSCXT,

Meter, MF., M.B. Dyurgerov, UK. Rick, S. O'Nee, W.T. Pfeffer, R, S. Anderson, S.P. An-
derson, and A F. Glazovsky. 2007. Glaciers dominate eustatic sea-tevel rise in the 21st
century. Science. DOH10.1126/science.1 143906,

Vermeer, M, and 5. Rahmstorf. 2009. Glabal sea level linked to global temperature.
Proceedings of the National Academy of Sciences. DOL:10.1073/pnas.0907765 106,

The CGiRA sea tevel rise projections were estimated following the methodology of
Vermeer and Rahmstorf (2005). The methodology of Vermeer and Rahmstarf builds
off that from Rahmstorf (2007} and is describied in detait in thase papers. In short, pro-
jections were estimated using an empirical refationship between global ais tempera-
ture and sea level change, including contributions from glaciers and ice sheets. This
relationship was then applied to the ambent average air temperature trajectories from
the IGSM-CAM madel {Paftsev et at, 2013) to project future sea levels.

Paitsev, 3, E. Monier, J. Scott, A. Sokolov, and J. Reiffy. 2013. integrated ecanomic and
climate projections for impact assessment. Climatic Change. DO10.1007/510584-013-
08:

Far each scenario, a site-specific, fixed annual rate of fand subsidence or upfift is
estimated, which combines with the SLR scenario to yield site-specific relative sea
tevel rise. Historical vertical fand movement is based on annual average measurements
from National Oceanic and Atmospheric Administration (NOAA) tide gauge data fram
68 sites with at least 25 years of i and finear i of
subsidence rates for all cefls that lie between the selected sites. An estimated 1.7 mm/
year is subtracted from the tide gauge annual average to account for the component
of relative sea levet rise that is accounted for by 20™ century sea fevel change, yietding
the site-specific subsidence/uplift rate.

The CIRA approach for calculating ratative sea level rise assumes that the difference

in rate between globat and relative sea fevel change will continue inta the futare.
Because some physical processes {¢.g,, changes in differantial ocean heating) wi likely
change in the future at rates different from what is reflected In historicat tide gauge
data, the CIRA approach does not capture alf of these dynamics. For more informa-
tion, see: Neumann, J, D. Hudgens, J. Herter, and J, Martinich. 2010, The Econamics of
Adaptation along Developed Coastlines. Wiley Interdisciptinary Reviews: Climate Change.
DOk10.1002/wee,90.

Walsh, 1, D. Wuebbles, K. Hayhoe, 4. Kossin, K. Kunkel, G. Stephens, ... and R. Somervifle.
2014, Appendix 3: Climate Science Supplement. Climate Change Impacts in the United
States: The Third National Climate Assessment, 4 M. Melitto, T.C. Richmond, and GW.
Yohe, Eds, U.S. Global Resarch Pragram, DOK10.7930/0KSEPHH.

Ibid.

Monier, £, X. Gao, JR. Scott, AF. Sokolov, and C.A. Schlosser. 2014. A framework for
modefing uncertainty in regional climate change. Climatic Change. DOL10.3007/
$10584-014-11125.
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Endnotes
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ibid.

w
%

All three CIRA emissions scenarios contain the same Jevel of gfobal and U.S. popufatian
chenge over time.

w
G

For each emissions scenario, values represent the ensemble mean of the five
1GSM-CAM initiafizations using a climate sensitivity of 3°C.

w
3

PCC. 2013. Climate Change 2013: The Physical Science Basis. Contribution of Working
Group o the Fifth Report of the Panef on Climate Change,
Stocker, T, D, Qin, G.K, Plattner, M. Tignor, S.K. Alfen, §. Baschung, ... and P.M. Midg-
ley, Eds. New Yark, NY: Cambridge University Press,

w
i

Actimate sensitivity of 6°C is considered "low probability” when considering feedbacks
expected over the next century. However, there is itarature suggesting that sower
feedbacks involving ice sheet and vegetation changes can tead to higher "Earth
System Sensitivity” on timescates of several centuries, such that 2 sensitivity of 6°C will
have a higher prabability on these longer timescales. Additional feedbacks inchuding
methane and carbon cycles are not included In the climate sensitivity defnition.

w
3

Mapped values represent the ensembie mean of the five IGSM-CAM initializations with
different climate sensitivities under the Referenca scenario.

s
b

All five maps assume a climate sensitivity of 3°C under the Reference scenario,

IS
3

A method by which the average change praduced by running a climate model is
combined with the specific geographic pattern of change calcutated from a different
maodel in arder to approximate the result that woutd be produced by the second
modet,

=

Please refer to: 1) Monier, E., X. Gao, 4. Scott, AP. Sokolav, and C.A. Schiosser. 2014, A
framework for modeling uncertainty in regional climate change. Climatic Chanige. DOI:
10.1007/510584-014-1112-5; and 2) Fiato, G., J. Marotzke, B. Ablodun, P, Braconnot.
$.C. Chou, W. Colfns, .. and M. Rummukainen. 2013, Evaluation of Climate Models. In:
Climate Change 2013: The Physical Science Basis. Contribution of Working Group o the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change, Stocker, TF
0. Qin, GK. Plattner, M. Tignor. SX. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and PM.
Midgley, Eds. New Yark, NY: Cambridge University Press.

s
9

Monier, E. X. Gao, 48, Scott, A.P. Sokolov, and C.A. Schiosser. 2014. A framework for
modeling uncertainty in regional climate change. Climatic Change. DOI:10.1007/
$10584-014-1112-5.

2

This section draws upon conclusions described in the overview paper for the CIRA
spacial issue: Waldhoff, S., J. Martinich, M. Sarofim, 8. DeAngelo, J. McFarland, L. Jan-
tarasami, K, Shouse, A. Cimmins, S. Ohrei, and J. Li. 2014, Overview of the Special Issue:
A multi-model framework to achieve consistent evaluatian of climate change impacts
in the United States. Climatic Change. DOE10.1007/510584-014-1206-0.

>
kS

For more information on these types of impacts, see: National Research Council,
2013, Abrupt Impacts of Climate Change: Anticipating Surprises, Washington, OC: The
Nationat Academies Press.

»
&

Monier, E, X. Gao, LR, Scott, AP. Sokafov, and CA, Schiosser. 2014. A framewark for
modeling uncertainty in regional cimate change. Climatic Change. DOK10.1007/
$10584-014-1312-5.

=
&

Ongoing studies are investigating the influsnce of structurat uncertainties across
sectorat impact models, See: Huber, V., H ), Schelinhuber, NAW. Ameli, K. Frieler, AD.
Friend, D, Gerten, .. and L, Warszawski. 2014, Climate impact research: beyond patch-
work. Earth System Dynamics, DOE10.5194/esd-5-399-2014,

=
3

For a discussion of interactions among the energy, water, and land use sectors, see:
Hibbard, K., T, Wilsan, K. Averyt, R. Hazriss, R. Newmark, S, Rose, E. Shevliakova, and V.
Tidwell, 2014, Ch. 10: Energy, Water, and Land Use. Cimate Change impacts in the Unit-
ed States: The Third National Climate Assessment, J. M. Melilio, Tevese {T.C)) Richmond,
and G.W. Yohe, Eds,, U.S. Global Change Research Program. DOL:10.7930/J0JW8BSF.

SECTORS
Health

The economic estimates described throughout this report are presented in constant
2014 dollars. The literature underlying the CIRA project presents results primarily in
2005 dolfars. This should be noted when comparing the results presented in this report
with those in the CIRA literature. Dollar years were adjusted using the U45. Bureau of
Economic Analysis’ implicit Price Deflators for Gross Domestic Product. Source: USS.
Bureau of Economic Analysis, Table 1.1.9 Implicit Price Deflators for Gross Domestic
Product, March 27, 2015, fity; » gox/nationalindechim.

~

Throughout the report, future benefits—i.e,, the annuat time serfes of avoided costs—
ate discountad at a 3% rate to reflect their value in the prasent day, which is defined as
the year 2015 in this report. in short, discaunting provides an equal basis to compare
the vatue of benefits (and costs) that occur in different time periods. The discount rate
itself reflects the trade-off between consumption today and consumption tomorrow,
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meaning that with a positive discount rate, benefits that occur today are worth more
than they would be tamorrow, A higher discaunt rate implies a greater preference

for preseat-day consumption and a lewer present value of future damages. A lower
discount rate implies a greater value on future damages, That is, the present value

of future damages calcutated at a 5% rate will be fower than those calculated using

2 3% rate. There are many ways to select a discount rate and little cansensus about
which discount rate is most appropriate, particularly when assessing benefits that
span generations, Therefore, we selected 3%, a commonly employed rate in the
climate impacts and benefits literature. This rate was afso used to calculate two of the
U.S. Government’s four Social Cost of Carban estimates (including the central value),
which estimate climate damages that occur aver fang time horizons. in particular, the
U.S. Government review found that it was consistent with estimates provided in the
ecanomics fiteratore and noted that 3% roughly corresponds to the after-tax riskiess
interest rate. For a detaifed discussion on discount rate selectian, please see the Social
Cast of Carbon Technicat Support Dacument, available at Kt /Avww epagevioms!
dlimate/reaulationsssce-tscl s,

IPCC. 2014, Summary for Policymakers. In: Chmate Change 2014: Impacts, Adaptation,
and Vulnerability. Past A; Globat and Sectoral Aspects. Contribution of Working Group It
to the Fifth Reportof the Panet on Climate Change. Field,
CB., V.R. Barros, D.J, Dokken, K.J. Mach, M.D. Mastrandrea, T E. Bilr, ... and L.L. White,
Eds. New York, NY: Cambridge University Pess.

Luber, G, K. Knowlton, J. Balbus, H, Frumkin, M. Hayden, J. Hess, .. and L. Ziska. 2014,
Ch. 9: Human Health. Climate Change impacts in the United States: The Third National
Climate Assessment, §, M, Melillo, Terese (T.C) Richmand, and G, W. Yohe, Eds. U.S.
Global Change Research Program. DOH10.7930/J0PN93HS,

U3, Environmental Protection Agency. 2012, Ground Level Ozone: Health Effects.
. A heaith Bl

Luber, G, K. Knowlton, J. Balbus, H. Frumkin, M. Hayden, J. Hess, .. and L. Ziska. 2014,
Ch. 9: Human Health. Climate Change impacts in the United States: The Third National
Chmate Assessment, 1. M. Metillo, Terese (T.C} Richmond, and G, W. Yohe, Eds. U S.
Global Change Research Program. DOE10.7930/0PN93HS.

thid.

WS, Environmental Protection Agency. 2013. Integrated Science Assessment of Ozone
and Related Photochernical Oxidants iFinal Report). EP A/600/R-10/076F .

WS, Environmental Protection Agency. 2009. Integrated Science Assessment for
Particulate Matter (Finat Report), EPA/G00/R-08/139F.

A climate-induced drop in ozone is caused by increased atmospheric water vapor
under a warmer climate. Higher humidity shortens the atmospheric lifetime of ozone
in low-NOx (typically fess densely-populated) canditions by enhancing its breakdown.
Projected reductions in ground-evel concentrations over the northern and western
parts of the country are fargety driven by this decline in hackground ozone.

For comparison, the current national 8-hour dally maximum ozone standatd is 75 parts
per billion: primary and secondaty standard in the form of annuat fourth-highest daily
maximum 8-hour concentration averaged over 3 years.

Changes in azone and PM:s concentrations in the Risks of inaction section and in
Figures 1 and 2 are not population-weighted.

Luber, G, K, Knowiton, J. Babus, H. Frumkin, M. Hayden, 1, Hess, .. and L. Ziska. 2014, Ch.
9: Human Health. Climate Change Impacts in the United States: The Third National Climate
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Assessment, 1, M, Melilio, Terese (T.C.) Richmond, and G. W. Yohe, Eds., U.S. Global
Change Research Program. DOL10.7930/10PNS3HS.

The ranges in mortality estimates are based on ensermble means and reflect the 95%
confidence interval in cancentration fesponise functions. See Garcia-Menendez et al.
{2015} for more infarmation,

An additional mortaity valuation approach using years of life saved is provided in
Garcia-Menendez et al. 2015).

Reductions in PM: fargely drive the change in mortafity, However, the contribution
of azane pollution ta these estimates increases towards the end of the century and
accounts for 40% of the projected fife years saved by 2100, See Garcia-Menendez et al,
{2015} for more infermation.

For example: 1) Thompson, TM., Rausch S, Saari R K, and Sefin NE. 2014, A systems ap-
proach to evaluating the air quality co-benefits of U.S. carbon policies. Nature Climate
Change. DOL: 10.1038/nclimate2342; 2) West, 1, 5. Smith, R. Sitva, V. Naik, Y. Zhang,

Z. Adelman, .. and J. Lamarque. 2013. Co-benefits of mitigating global greenhouse

gas emissions for future air quality and human health. Nature Climate Change. DOk
10,1038/ 009; and 3) US. Protection Agency. 2014, Regufatory
impact Analysis for the Proposed Carbon Poflutian Guidlines for Existing Power Plants
and Emission Standards for Modified and Reconstructed Power Plants. Office of Air
Quality Planning and Standards, Heaith & Enviconmental tmpacts Division, Air Econom-
ics Group. Research Triangle Park, North Carolina.

1PCC. 2014. Climate Change 2014: Mitigation of Climate Change, Contribution of Work-
ing Group il to the Fifth Assessment Report of the intergovernmental Panel on Climate
Change, Edenhofer, 0., R. Pichs-Madruga, Y. Sokona, E. Farahani, S, Kadner, K. Seybath,
. and J.C, Minx, Eds, New York, NY: Cambridge University Press.

Fine particulate matter constituents analyzed include sulfate, elemental carbon, organ-
ic aerosol and ammonium nitrate,

Changes in mortality are estimated by applying the differences in dafly-maximum
8-hour ozane (8-hr-max ozane) between May and September and daily average PM:s
0 the concentration response functions.

At the time of this report’s refease, the U S, Environmental Protection Agency's
Guidelines for Preparing Ecanomic Analyses report recommends a VSL of $7.9 miffion
(20083), based on 1990 incomes, To create a VSL using 2014$ and based an 2010
incomes, the standard value was adjusted for inflation using BEA implicit price inflator
for gross domestic praduct and for incame grawth adjustment based on a method
described in the user manual of EPA’s BenMAP model {pg. 109). The resulting value,
59.45 milion for 2010 (201431, was adjusted to future years by assuming an elasticity of
VSt to GDP per capita of 0.4. Projections of GDP and popufation for the CIRA Reference
scenario were employed. Using this approach, the YSLin 2050 is estimated at $12.53
mifiion and $16,39 miflion in 2100, Finatly, we note that the VSt values used in this
report differ slightly from those used in Garcia-Menendez et ai. (2015), which therefore
affects the valuation estimates reported in each. Sourcas: 11U S, Environmental Protec-
tion Agency. 2014. Guidelines for Preparing Economic Analyses. National Cente for En-

Ecunumlcs 14, G-
pdf/SAle/EE: 2 pdf; 2) US. Bureau af Ecanomic Analysis, Table 1.1.9 impticit Price
Deflators for Gross Damestic Product, March 27, 2015, hitpi/iww: Lo,
indexhtm; and 3} U.S. Environmental Protection Agency. 2012. BenMAP Users Manual.
Office of Air Quality Planning and Standards.

Garcia-Menendez, F, RK. Saarl, E. Monier, and NE. Sefin. {2015} US. air quality and
health bengfits from avoided climate change under greenhouse gas mitigation. Envi-
ronmental Science & Technalogy. D0E10.102} /acs.est.5b01324.

Luber, G, K. Knawltan, 1. 8aibus, H. Frumkin, M. Hayden, J, Hess, .. and {. Ziska. 2014, Ch.
9: Human Health. Climate Change fmpacts in the United States: The Third National Clirate
Assessment, J. M. Melillo, Terese (T.C} Richmond, and G. W. Yohe, Eds,, U.S. Global
Change Resgarch Program. DO%10.7930/J0PNO3HS.

U.S. Environments! Protection Agency, 2014. Ctimate Change indicators in the United
States. Third edition, EPA 430-R-14-004. www epagov/dinatechangeindicators.

ibid,

Luber, G, K. Knowltan, J. Balbus, H. Frumkin, M. Hayden, J. Hess, ... and L. Ziska. 2014, Ch.
9:Human Health. Climate Change impacts in the United States: The Third National Climate
Assessment, J. M. Melillo, Terese (1.C) Richmond, and G. W. Yohe, £ds., U.S. Globat
Change Research Pragram. DOE10.7930/J0PN93HS.

ibid.
Average results for the 49 cities included in the study.

See Mills et al. {2014) and Bierwagen et al. {2010) for details on usage of ICLUS pap-
ulation projectians. Sources: 1} Mills, D., J. Schwartz, M. Lee, M. Sarofim, R. Janes, M.
Lawson, M. Duckworth, and L. Deck. 2014, Climate Change impacts on Extreme Tem-
perature Mortality in Select Metropolitan Areas in the United States. Climatic Change.
DO 10.1007/510584-014-1154-8; and 2) Bierwagen, B.G, D.M. Theobald, CR. Pyke, A.
Choate, P. Grath, 1. Thomas, and P. Morefield. 2010. National housing and imperviots
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surface scenarios for integrated climate impact assessments. Proc Nat! Acad Sei. DOk
10.1073/pnas. 1002096107,

At the time of this report’s refease, the U.S, Environmental Protection Agency’s
Guidefines for Preparing Economic Anafyses report recammends a VSL of $7.9 million
(2008$), based on 1990 incomes. To create 3 VSL using 2014$ and based on 2010
incomes, the standard value was adjusted for inflation using BEA implicit price inflator
for grass domestic product and for incame growth adjustment based on a method
described in the user manual of EPA’s BenMAP modet (pg. 109}, The resuiting value,
$9.45 mittion for 2010 {20148), was adjusted to future years by assuming an elasticity of
VSL to GOP per capita of 0.4. Prajections of GDP and papulation for the CIRA Reference
scenario were employed. Using this appraach, the VSL in 2050 is estimated at $12.53
mitlion and $16.39 million in 2100. Finally, we note that the VSL values used in this
veport differ stightty from those used in Garcia-Menendez et al. {2015}, which therefore
affects the valuation estimates reported in each. Sources: 1) US, Environmental Protec-
tion Agency, 2014. Guidelines ot Preparing Econamic Analyses. National Center for En-

Economics, biip./ 8-
frsize 0568:52.0d[; 2) U.S, Bureau of Economic Analysis, Table 1.1. Qémph:lt Price
Deﬂa(ors far Gross Domestic Product, March 27, 2015, hittp:/ivn
ingexhun: and 3} U.S. Enviranmentat Protection Agency. 2012. BenMAP Users Manual.
Office of Air Quality Planning and Standards,

The appraach described in Mills et af. {2014} was updated in several ways ta develop
the resuits presented here. First, the analysis was expanded from 33 cities fo encom-
pass a total of 49 out of 50 of the cities {excluding Honolulu} anatyzed in tbe Medi-
na-Raman and Schwartz {2007} paper that was the foundation of the Mills et al. (2014)
waork, Medina-flaman and Schwartz did not calcutate heat mortality response functions
for cities where the minimum temperature for the 99 percentile hottest day was equal
10 0r below 20°C {8 cities), or cold mortality respanse functians where the maximurm
temperature for the 1 percentile coldest day was greater than of equal to 10°C 7
cities), and the choice was made in the Miffs et al. {2014) work ta notinclude thosa
cities in the projections of future martatity. In a warming climate, cities that were tog
watm to meet the critedia for the cold threshold will continue to be tao warm, so the
lack of a cold mortality response function will not make a difference. However, most

of the cities that were too cool to meet the criteria for the hot threshold are expected
to warm enough that their 99 percentife hottest days will exceed 20°C in the future,
Theretore, inclusion of cities without a heat mortality response function will fead to an
underestimate of the change in future martality in those cities, and therefore an under-
estimate of the benefit of GHG mitigation. However, inclusion of 2 wider range of cities
gives a more complete picture of impacts in the U.S. There were a couple of additianat
updates. The first involved limiting the analysis to the actual counties corresponding to
the citias specified in Medina-Ramon and Schwartz, rather than the MSAs used in Mills
et al. {2014). This reduces the total population considered within the ariginal 33 cities.
The secand involved updating to the most recent BenMAP data for the all-age mortali-
ty rates in the cities, which resuited in some small differences in the caicutations.

Miils, D., J. Schwartz, M. Lee, M. Sarofim, R. Jones, M. Lawson, M. Duckworth, and L.
Deck, 2014, Ctimate Change impacts on Extreme Temperature Mortaity in Selfect Met-
ropolitan Areas in the United States. Climatic Change, DO} 10.1007/510584-014-1154-8.

Waish, J., D. Wuebbfes, K. Hayhoe, J. Kossin, K. Kunkel, G. Stephens, ... and R. Somervilte.
201%4. Ch, 2: Our Changing Ctimate. Climate Change impacts in the United States: The
Third Nationai Climate Assessment, 1. M. Metilio, Terese (T.C) Richmond, and G. W. Yohe,
£ds., U S. Globat Change Research Pragram. DOI:10.7930/50KWSCXT.

Graff Zivin, J. and M. Neidell, 2014. Temperature and the allacation of time: implications
for climate change. Journal of Labor Fconomics, DOL10.1086/671766.

tkid.

This analysis uses the term fabor supply to refer to hours worked, but cannat detereine
whether that choice Is driven by employees ar employers.

Graff Zivin, 1. and M. Neidell. 2014, Temperature and the allocation of time; implica-
tions for climate change. Journal of Labar Econormics, DOL10.1086/671766.

Forinformation an the development and usage of the ICLUS population projections,
see: Mills, D, 5. Schwartz, M. Lee, M. Sarofim, R. Jones, M. Lawson, M. Duckworth, and €.
Deck. 2014, Climate Change Impacts on Extreme Temperature Mortality in Sefect Met-
rapolitan Areas in the United States. Climatic Change. DO 10.1007/510584-014-1154-8.

Bureau of Labor Statistics, Quarterly Census of Employment and Wages, data accessi-
ble at gt/ /even bis goviuews. High-risk workers were defined as those employed in
agriculture, forestry, and fishing; hunting, mining, and construction; and manufactur-
ing, transpartation, and utifities industries.

Bureau of Labor Statistics, Quarterly Census of Employment and Wages, data accessi-
bie at hutpizwwrubisgowcew!. Average wage ($23.02) calcutated using high-risk labor
categaries only, as the majority of extrame temperature impacts on fabor hours occur
in these industries.

Graff Zivin, 5. and M. Neidell. 2014, Temperature and the allocation of time: implications
for climate change. Journal of Labor Economics, DOL:10.1086/671766.

87



252

Endnotes

42 Georgakakos, A, P.Fleming, M. Dettinger, C. Peters-Lidard, Terese {T.C) Richmond, K.
Reckhow, K. White, and O. Yates. 2014. Ch. 3: Water Resources. Cimate Change impacts
in the United States: The Third National Climate Assessment, 5, M, Metitto, Terese (T.C)
Richmond, and G. W. Yohe, £ds., LS. Global Change Research Program, DOE10.7930/
JOGA4NET.

.
&

Luber, G, K. Knowiton, ). Balbus, H. Frumiin, M. Hayden, £, Hess, .. and L. Ziska. 2014.Ch.
9: Human Health. Climate Change mpacis in the United States: The Third National Climate
Assessment, J. M. Melitlo, Terase (T.C} Richmond, and G. W. Yohe, Eds., U.S. Globat
Change Research Program. DOL10.7930/J0PNI3HS,

2
2

Boehlert, B, K. Strzepek, S. Chapra, Y. Gebretsadik, M. Lickley, C. Fant, .. and J. Marti-
nich. (in review). Greenhouse Gas Mitigaticn Effects on Water Quality impacts from
Climate Change in the U.S. Journal of Advetnces in Modeling Earth Systems,

&
&

S Georgakakos, A, P.Fleming, M. Dettinger, C. Peters-Lidard, Terese {T.C)) Richmond. K.
Reckhow, K. White, and D. Yates, 2014. Ch. 3: Water Resources. Climate Change Impacts
in the United States: The Third Nationat Climate Assessment, 3, M, Melitto, Terese (T.C)
Richmond, and G. W. Yahe, Eds., U.5. Globat Change Research Program. DOE10.7930/
JOG4ANST,

=
&

Strzepek K, M. Jacabsen, B. Boehlert, 1, Neumann. 2013, Toward evaluating the effect
of climate change on investments in the water resources sector: fnsights fram the
forecast and analysis of hydrolagical indicatars in developing countries. Environmental
Research Letters, DOL10.1088/1748-9326/8/4/044014.

&

Chapra, 5.C, 2014, QUALIDAD: A parsimonicus modeling framewaork for simulating
river basin water guality, Version 1.1, Documentation and users manual. Civil and
Environmental Engineering Dept,, Tufts University, Medferd, MA.

>
&

Boehfert, B. K. Strzepek, . Chapra, Y. Gebretsadik, M. Lickley, C. Fant. .. and J. Marti-
nich. fin review), Greenhouse Gas Mitigation Effects on Water Quality Impacts from
Climate Change in the U.S. Journal of Advances in Modeling Earth Systems,

Infrastructure

Wilbanks, T, and 5. Fernandez. 2012. Climate Change and Infrastructura, Usban
Systems, and Vuinerahilities: Technical Report to the U.S. Department of £nergy
in Support of the Nationat Climate ht Qoxiegss
Infrasraucturepdf.

wopesd,

~

Congress of the United States, Congressional Budget Office. 2010. Public Spending
on and Water i b i it HICS

< A TA]

ture pdf,

w

Congress of the United States, Congressionat Budget Office. 2008. fssues and Options in
: s cbutl

Infrastructure b0 govs:

s

Schwarz, HG., M. Meyer, C.J. Burbank, M. Kuby, C. Oster, J. Posey, E.J. Russo, and A,
Rypinski. 2014, Chapter 5 Transportation. Climate Change fmpacts in the United States:
The Third Nationa Climate Assessment, L. Melitio, T.C. Richmond, and G.W. Yohe, Eds,,
U, Globat Research Program. DOL10.7930/J06Q1VS3.

s

S, Department of Transportation. 2013. National Bridge Inventory.

@

Schwarz, HG, M. Meyer, CJ. Burbank, M. Kuby, C. Oster, J. Posey, £.J. Russo, and A.
Rypinski. 2014. Chapter S: Transportation. Climate Change mpacts in the United States:
The Third National Climate Assessment, .M. Metiflo, T.C. Richmond, and G.W. Yohe, Eds.,
U.S. Globaf Research Program. DOk 10.7930//06Q1V53.

~

thid.

«

Wright, L., P, Chinowsky. K. Strzepek, R. Jones, R. Steeeter, J, Smith, J, Mayotte, A. Powell,
1. Jantarasami, and W. Perkins. 2012 Estimated effects of climate change on flood
yulnerability of U.S. bridges. Mitigation and Adaptation Strategies for Glabal Change.
DO1:10.10G7/511027-011-9354-2.

As such, the costs of future maintenance, and the effects of those efforts in reducing
vuinerability, are not captured in this analysis.

)

3

Wright et al. {2012) provides estimates of the total costs for repairing deficient bridges
both in advance of climate change and as adaptation to climate change. Neumann et
al.{2014) presents the results of repairing bridges in advance of climate change. The
vesuits presented in this report are the results of repairing bridges as adaptation to
climate change.

Neumann, 1, 1. Price, P. Chinowsky, L. Wright, L. Ludwig, R. Streeter, ... and J. Martinich,
2014. Climate change risks to US. infrastructure: impacts on roads, bridges. coastat
development, and urban drainage. Climatic Change. DOE10.1007/510584-013-1037-4,

o

Wright, L, P. Chinowsky, K. Strzepek, R. Jones, R, Streeter, J, Smith, 1. Mayatte, A, Powell,
L. Jantarasami, and W. Perkins, 2012. Estimated effects of climate change on fiood
vuinerability of U.5. bridges. Mitigation and Adaptation Strategies for Global Change.
DOE10,1007/511027-011-9354-2.

88

o

4

a

&

5

&

&

B
3

4

»
N

~
2

4

&

26

8

Schwarz, H.G,, M. Meyer, C.J. Burbank, M. Kuby, C. Oster, 1. Pasey, E.J. Russo, and A.
Rypinski. 2014. Chapter 5: Transpartation. Climate Change Impacts in the United States:
The Third National Climate Assessment, J.M. Melitio, T.C. Richmond, and G.W. Yohe, Eds.,
1.5, Glabat Research Program. DOE10.7930/J06Q1V53.

Transportation Research Board. 2008, Patential impacts of Climate Change an US.
Transportation. Spectai Report 290, Committee on Chimate Change and U.S, Transpor-
tation, National Research Council of the Nationai Academies.

Schwarz, H.G., M. Meyer, C.J. Burbank, M. Kuby, C. Oster, J. Posey, E.J. Russo, and A.
Rypinski. 2014. Chapter 5: Transportation, Climate Change impacts in the United States:
The Third National Climate Assessment, .M. Mefilio, T.C. Richmond, and G.W. Yohe, Eds.,
U.S. Globat Research Pragram. DOE10.7930/J06Q1V53.

For additional explanation of MIROC results, see: Neuman, 1, 1, Price, P. Chinowsky,
L. Wright, L. Ludwig, & Streeter, .. and J. Martinich, 2014. Climate change risks to U.S.
infrastructure: Impacts on raads, bridges, coastal development, and rban drainage.
Climatic Change, DOL10,1007/510584-013-1037-4.

Neurnann, J, J. Price, P. Chinowsky, L. Wright, L. Ludwig, R. Streeter, .. and J. Martinich.
2014, Climate change risks to U5, infrastructure: impacts on roads, bridges, coastal
develapment, and urban drainage, Climatic Change. DO 10.1007/510584-013-1037-4.

Chinowsky, P, J. Price, and J. Neumann. 2013, Assessment of climate change adap-
tatian costs for the UL.5. road netwark. Globa Environmental Change. DOK10.10164).
oloenvcha.2013.03.004.

Georgakakos, A, P. Fleming, M. Oettinger, €. Peters-Lidard, T.C. Richmand, K. Reckhow,
K. White, and D Yates. 2014. Ch, 3: Water Resaurces. Chmate Change impacts in the
United States: The Third National Climate Assessment, J. M. Mefifio, T.C. Richmond, and G.
W. Yohe, Eds, U.S. Global Change Research Program. DOE10.7930/J0GA4N6T.

Schwarz, HG, M. Meyer, C.J. Burbank, M. Kuby, C. Oster, 1. Posey, £.J. Russo, and A.
Rypinski. 2014. Chapter 5: Transportation. Climate Change impacts in the United States:
The Third National Climate Assessment, JM. Melilio, T.C. Richmond, and GW. Yohe, £ds,
U.S. Global Research Program. DOK10.7930/J06Q1V53.

The adaptation costs per square mile, calculated by city, starm, scenario, and year,
were aggregated ta the regions used in the Third Natiana Climate Assessment

and weighted by area. For example, for a regian with 2 cities, each with an area of
100 square miles, each city's area is divided by the sum of the areas, resulting in &
proportian value of 0.5 for each city. This proportion value is then multiplied by each
calculation of per-square-mite adaptation costs {caiculated by storm, scenatio, and
year) to produce a weighted average adaptation cost per square mile.

More detailed models are often used by municipalities for locat stormwater man-
agement planning, but applying these models across the 50 cities examined in this
analysis was ot practicabile.

Neumann, J, J. Price, P. Chinowsky, L. Wright, L Ludwig, R. Streeter, .. and J. Martinich.
2014, Climate change risks to U S. infrastructure: impacts an foads, bridges, coastal
development, and urban drainage. Climatic Change. DOKI0.1007/510584-013-1037-4,

Price, 1, L Wright, €. Fant, and K. Strzepek. 2014, Calibrated Methodology for Assessing
Climate Change Adaptation Costs for Urban Drainage Systems. Urban Water Journal,
DOK10.1080/1573062X.2014.991740.

The results presented here apply the methods described in Price et a). (2014 and
Neumann et al. (2014), with an expansion of the number of cities modeled.

, M.A. Davidson, P. Kirshen, P. Mufvaney, JF. Musley, JE. Neumann, L. Petes,
and D. Reed. 2014. Ch. 25: Coastal Zone Development and Ecosystems. Climate Change
Impacts in the United States: The Third National Climate Assessment, LM. Melilo, T.C.
Richmond, and G.W. Yohe, £ds, U.S. Global Change Research Program. DOK10,7930/
JOMS3QNW.

Ibid.

Underlying vulnerability exists in both the Reference and the Mitigation scenarios
within the base or historic period (ie,, today}, This vulnerability is depicted for the Ref-
erence scenario in Figure 1 as costs occurring in 2000. Removing costs associated with
baseline vulnerability yields cost estimates with adaptation of $530 biflion under the
Reference scenario and $500 bitlion under the Mitigation scenaric. We've included the
baseline vulnerability costs in our estimates because they may affect future decisions
ahout coastal development. We also note that some damages to coastal property are
due to the effects of fand subsidence that occurs regardiess of climate change.

The CIRA sea levet rise scenarios are at the high end of prajected sea fevel rise rates for
simitar scenarios based on recent publications {Horton et al. 2014, Kopp et al. 2014).
However, we also note that the effect of GHG mitigation an reducing the increase

in future sea level was found to be proportiortally larger in these studies. The use of
smatler sea leve! rise rates would likely fead to  decrease in total damages, but a farger
reduction in sea level rise due to the Mitigation scenaria compared to the Reference
waould likely yield farger ecanomic benefits than those presented in this report. See;

1) Horton, B.J, S. Rahmstorf, $.£ Engethart, and A.C. Kemp, 2014. Expert assessment



253

w
&

w

w
=

®

b

w
<

&

w
8

5
3

of sea-level rise by AD 2100 and AD 2300, Quaternary Science Reviews, DOI10.10167).
quascirev.2013.11.002; and 2 Kopp, RE. R.M. Horton, CM, Little, X, Mitcavica, M.
Oppenheimer, D.J. Rasmussen, B.H Strauss, 3nd C. Tebialdi. 2014. Probabilistic 21" and
22 century sea-level projections at a global network of tide-gauge sites, Farth’s Future,
0DOk10.1002/2014EF000239,

Without discounting, the cumulative effect of mitigation is larger, reducing impacts by
about 10% {from $3.2 triion to $1.0 triion), and the annual benefits rise rapidly from
approximatefy $ 140 milfion in 2050 to nearly $3.1 billion in 2100,

The CIRA analysis evaluates risks of inaction and benefits of mitigation through the end
of the 21* century. The high degree of inertia in processes leading to sea-level rise (i.e.,
the aceans and ice sheets respond stowly to warming conditions at the Earth's surface)
suggest that the absence of 21* century GHG mitigation is likely to resultin sea fevel
vise rates equal ta or larger than thase experienced this century, with subsequent
farge and long-term impfications for coastat development (Horton et al. 2014 and
Levermann et a. 2013 provide projections of sea level rise beyond 2100). Therefore,
the difference in sea leval change rise between the CIRA Reference and Mitigation
scenarios will only increase after 2100. This would likely result in larger GHG mitigation
benefits to the coastat property sector, and it is important to note that these benefits
woutd only be realized from GHG reductions accurring in this century, See: Hortan,
8.4, 5. Rahmstar, SE. Engethart, and AC. Kep, 2014, Expert assessment of sea-level
rise by AD 2100 and AD 2300, Quaternary Science Reviews 84:1-6; and Levermann, A, P.
Clark, B. Marzeion, G. Mifne, 0. Pallard, V. Radic, and A Robinson. 2013. The multimifie-
niat sea-level commitment of global warming. PNAS, DOI: 10.1073/pnas. 1219414110,

Vermeer, M, and 5. Rshmstorf. 2009. Global sea fevelfinked to global temperature.
Proceedings of the National Academy of Sciences, DOk 10.1073/pnas.0907765106.

National Atmospheric and Oceanic Administration (NOAA} Center for Operational
Oceanographic Products and Services {CO-OPS). Linear mean sea level (MSL) trends
and 95% confidence intervats in mm/yr, ittpg/tidesandeyrents nuaagovisitends/
sitrends i,

Emanuel, K, R. Sundararajan, and J. Williams, 2008, Hurricanes and Global Warming:
Results from Downscating IPCC ARS Simulations. Buffetin of the American Metearological
Society. DOK10,1175/8AMS-B9-3-347,

Jelesnianski, CP., J. Chen, and W.A. Shaffer. 1992, SLOSH: Sea, iake, and overtand surges
fram hurricanes, NOAA Technical Report NWS 48, Natmna( Oceanic and Atmuspheric
i ion, U. $. Dep: af Cammerce,

Tebaldi, C., B. Strauss, and C. Zervas. 2012, Modeling sea-levet rise impacts on
storm surges atang U.S. coasts, Enviranmental Research Letters. DOI10.1088/1748-
§326/7/1/014032.

Neumann, 1, K. Emanuet, S. Ravela, L. Lucdwig, P. Kirshen, K. Bosma, and 1, Martinich.
2014a, Joint Effects of Storm Surge and Sea-iavel Rise on U.S. Coasts. Climatic Change.
DO 10.1007/510584-014-1304-2. .

Neurnann, J, J. Price, P. Chinowsky, L. Wright, L Ludwig, R. Streeter, ... and J. Martinich.
2014b, Climate change risks ta U.S. infrastructuse: impacts on roads, bridges, coastat
development, and urban drainage. Gimatic Change, DOET0.1007/510584-013-1037-4.

Cutter, 5., B.J. Baruff, and W.L. Shirley. 2003. Sociat Vulnerability to Environmental
Hazards. Social Science Quarterly 84{2}.

Borden, K, M. Schmidtlein, C. Emrich, W. Piegarsch, and 5. Cutter. 2007. Vulnerabifity
of U.S. cities to environmentat hazards. Journal of Homeland Security and Emergency
Management, DO 10.2202/1547-7355.1279; Schmidtein, M, R Deutsch, W. Piegorsch,

and $, Cutter, 2008. A sensitivity analysis of the sociat vulnerability index. Risk Analysis,
DOk 10.1111/1.1539-6924,2008.01072.x; Wood, N., C. Burtan, and S. Cutter. 2010, Com-
munity variations in sociat vuinerability to Cascadia-related tsunarnis in the U.S, Pacific
Northwest. Natural Hazards, DOL: 10.1007/511069-009-9376-1

41 Neumann, J, K. Emanuel, $. Ravela, L. Ludwig, P. Kirshen, K. Bosma, and 1. Martinich.
2014, Joint Effects of Storm Surge and Sea-feved Rise on U.S, Coasts, Climatic Change.
OOk 10.1007/510584-014-1304-2.,

42 Neumann, J, J. Price, P. Chinowsky, L. Wright, L. Ludwig, ... and J. Martinich, 2014,
Climate change risks to U3, infrastructure: impacts on roads, bridges, coastal develap-
ment, and urban drainage. Climatic Change, DOE10,1007/510584-013-1037-4.

43 Martinich, J., 1. Neunann, L. Ludwig, and L. Jantarasami. 2013, Risks of sea fevel rise to
disadvantaged communities in the United States. Mitigation and Adaptation Strategies
for Globaf Change. DOL: 10.1007/511027-011-9356-0.

44 Areas with significant storm surge damagas are those where the damages from storm
surge are greater than the value of the property.

45 The adaptation responses projected by the National Coastal Property Model are
developed using a cost-benefit framework comparing the casts of protection relative
to the property value. Developed as a simple metric to estimate potential adaptation
responses in a cansistent manner for the entire coastline, the estimates presented
here should not be construed as recommending any specific policy or adaptive action.
further, additional adaptation options nat inctuded in this analysis, such as marsh
restoration, may be appropriate for some locales.

Electricity

t  The transportatian sectar accaunts for 27 percent of emissions, follawed by the
residential, commercial, and industriaf sectors at 21 percent. The remaining 22 percent
of emissions come from biomass and various other sectars. The share of efecteicity
generated by fossit fuels from 2009-2033 was 69% {42% fram coal, 26% from natural
gas, 0.8% from petroleum), U.S. Department of Energy. 2014. Electric Power Manthly:
Table 1.1 Net Generation by Energy Source: Total {All Sectors), 2004-February 2014,

2 Delt, 1, 5. Tiemey, G, Franco, B, G, Newell, . Richels. ), Weyant, and T. J, Witbanks, 2014,
Ch.4: Eneray Supply and Use. Climate Change tmpacts in the United States: The Third
National Climate Assessment, J. M. Melllo, Tecese (T.C) Richmond, and G. W. Yahe, Eds,
US. Global Change Research Program. DOI:10.7330/J0BG2ZKWD.

3 lbid.

4 Cansistent with other elactricity and power sectar analyses, the CIRA analysis only
projects impacts through 2050.

5 Det, J, S.Tierney, G. Franca, B, G, Newell, B. Richefs, J. Weyant, and T. J. Wilbanks. 2014,
Ch. 4: Energy Supply and Use. Climate Change Impacts in the United States: The Third
National Climate Assessment, J. M. Meliflo, Terese (T.C} Richmond, and G. W. Yohe, Eds.,
U.5. Globat Change Research Pragram. DO):10.7930/0BGZKWD,

6 U.5. Department of Energy, U.S. Ener 2009
Energy Consumption Survey (RECS) Tab o CEA.. Mbtoi/vwew, @i qovicansumption/
regidentialidata/2009/inde:

7 US.Department of Energy, U.S. Enargy Information Administration. 2003 Commercial
Bulldmgs Energy Consumption Survey {CBECS): Tables E1A and E3A. hitpiiwww eig,

emmeisialidat; <f

8 Dell, 4, S. Tierney, G. Franco, R. G. Newell, R. Richels, J. Weyant, and T. J. Witbanks, 2014,
Ch, 2: Energy Supply and Use. Climate Change tmpacts in the United States: The Third
National Climate Assessment, . M. Mefifio, Terese {Y.C) Richmond, and G. W. Yohe, Eds.,
U, Global Change Research Program. DOE10.7930/308G2KWD.

9 in this instance, the reduction in efectric heating is greater than the rise in demand for
coolitrg by 0.3%. This reflacts a higher levef of efectricity demand for heating in the
Pacific Northwest refative to the rest of cauntry.

10 Kyle, P, L. Clarke, F. Aong, and S.J. Smith. 2010, Climate Policy and the Lang-Term
Evolution of the U.S. Buildings Sector. The Energy Journal, 31{2):145-172.

11 Zhou, Y, J. Eom, and L. Clarke. 2013. The effect of global climate change, population
distribution, and climate mitigation on buifding energy use in the 5. and China.
Climatic Charge, DOE10.1007/510584-013-0772-x.

12 National Renewable EnergyLaburatory 2014, NREL Energy Anaiys»s-ﬁegmnai Energy
NGOV reedss,

13 Jaglom, W, McFarland, J., M. Colley, C. Mack, B. Venkatesh, R Miller, .. and 5. Kayin,
2013. Assessment of projected temperature impacts from climate change on the
USS. electric power industry using the Integrated Planning Model. £nergy Poficy.
DOE10.1016/].6np0l2014,04.032.

14 McFarland, LY. Zhou, L. Clarke, P. Suftivan, J. Colman, W. Jaglom, ... and J. Creason,
2015, Impacts of rising air temperatures and emissions mitigation on efectricity

89



254

Endnotes

demand and supply in the United States: 2 multi-modet comparison. Climatic Change.
DOk 10.1007/510584-015-1380-8.

b

U.s. Environmental Protection Agency, 2014, fnventory of U.S, Greeshouse Gas

@

Wobus, C, Lawson, M., fones, R, Smith, 1, and Martinich, §. 2013, Estimating monetary
damages from flooding in the United States under a changing ctimate. Journal of Flood
Risk Management. DOE 10,1111/jf13.1 2043,

., P.Fleming, M. Dettinger, C. Peters-Lidard, T.C. Richmond, K. Reckhow,

£missions and Sinks: 1990-2012, Table 2-1. bt/ spaaoyicimatechanas,
it hautes2-Trendsndt.

S5 GHGInvEntery: 2018

S

Clarke LE., A A Fawcett, JP. Weyant, ). McFarfand, V. Chaturvedi, and Y. Zhou. 2014,
Technotogy and U.S. Emissians Reductions Goals: Results of the EMF 24 Modeling
Exercise. The Energy Journal, DO 10.5547/01956574.35.51.2.

3

As described in the CIRA Framework section, the Mitigation scenario is nat associated
with any specific poticy fe.g., EPA’s Clean Pawer Plan), and is assumed to be achieved
through global efforts ta reduce GHG emissions. Therefore, projected emissions

raductions in the U.S. electricity sector are part of a larger global mitigation scenario,
See McFariand et al. (2015) for information regarding U S, electricity sector emissions.

&

Total generation acrass the modefs varies because efectricity demand is independently
calculated by each model based on changes in population, GOP, technology costs, and
other factars,

@

McFartand, J, Y. Zhou, L. Clarke, P. Sullivan, & Cotman, W. Joglom, .. and J. Creason.
2015, Impacts of rising aif temperatures and emissions mitigation on efectricity
demand and supply in the United States: a mufti-model comparison. Climatic Change.
DOL: 10.1007/510584-015-1380-8.

Water Resources
U.3. Environmental Protection Agency, Offics of Water. 2013, The importance of Water

ta the LS. Economy: Synthesis Report, Bittgs
terfuplnad/) i he

~

U.S. Environmental Protection Agency. 2014. Climate Change tndicatars in the United

States: Drought. hito//wi e0a a0 Cimate in

Georgakakos, A, P. Fleming, M. Dettinger, C. Peters-Lidard, T.C. Richmond, K. Reckhow,
K. White, and D, Yates, D, 2014. Chapter 3: Water Resources, Climate Change impacts
in the United States: The Third National Climate Assessment, 3, M. Meliflo, T.C. Richmond,
and GW. Yohe, Eds., US. Global Change Research Program, DOET0.7930/J0G44NET.

s

ibid.

«

Walsh, 1, 0. Wuebbles, K. Hayhoe, 5, Kossin, K. Kunkel, G. Stephens, ... and R. Somerville.
214, Ch, 2: Qur Changing Climate. Climate Change fmpacts in the United States: The
Third National Climate Assessment, 5 M. Meliflo, Terese (T.C) ichmond, and G. W. Yohe,
£ds., U.S. Global Change Research Pragram. DOL10.7930/J0KWSCXT.

Y

Georgakakos, A.. P. Fleming, M. Dettinger, C. Peters-Lidard, T.C. Richimand, K. Reckhow,
K. White, and D. Yates, D. 2014. Chapter 3: Water Resources. Climate Change impacts

in the United States: The Third National Climate Assessment, 5. M. Meliflo, T.C. Richmond,
and GW. Yohe, Eds, US. Giobal Change Research Program, DOL:10.7930/J0GA4N6T,

~

Damages are in 2011 dolfars,

=

Georgakakos, A, P. Fleming, M. Dettinger, C. Peters-Lidard, T.C. Richmand, K. Reckhow,
K. White, and D. Yates, D. 2014. Chapter 3; Water Resources, Climate Change impacts
in the United States: The Third National Cimate Assessment, ). M. Melifto, T.C. Richmond,
and GW. Yohe, £ds., U.S. Global Change Research Pragram, DOL10.7930/J0G44NGET.

»

Ibid.

3

Across the contiquous U.S., damages are projected to decrease relative to the basefine
period in the follawing Water Resource Regions (WRRs: Upper Cotorado, Lawer Cofo-
rado, Pacific Northwest, and California.

Georgakakos, A., P.Fleming, M. Dettinger, C, Peters-Lidard, T.C. Richmand, K. Reckhow,
K.White, and D. Yates, D, 2014. Chapter 3: Water Resources. Climate Change Impacts
in the United States: The Third Nationa! Climate Assessment, 1. M. Melillo, T.C. Richmand,
and GW. Yohe, £ds., U5, Globat Change Research Program, DOI10.7930/J0GA4N6T.

I~

Wobus, C, Lawsan, M, Jones, R., Smith, ., and Martinich, J. 2013. Estimating monetary
damages from flooding in the United States under a changing climate. Journa of Flood
Risk Management. DOE 1013 117)fr3,12043.

tn reality, the disteibution of monetary damages from floading is likely to change:
changesin floodplain development, modifications to fioad protection infrastructure,
or changas in wealth coutd all influence the damage incurred by 2 given magnitude
of flood event in the future. However, these future demographic and infrastructure
changes could either increase or decrease damages from fooding in the future; flood
protection could decrease damages, while increases in devetopment in the flaodplain
could increase them. Without an a priori means of evaluating which path to foflaw, the
ion of ity in this di ion s

S

Strzepek, K., J. Neurnann, J. Smith, 5, Martinich, 8. Boehfert, .. and J-H. Yoon. 2034.
Benefits of Greenhouse Gas Mitigation on the Supply, Management, and Use of Water
Resources in the United States. Climatic Change. DOF 10.1007/510584-014-1279-9.

920

N

%

S

I
g

w

~
M

v
¥

~
&

o
3

2

ke

w
3

w

s
k9

K. White, and D. Yates, D. 2014, Chapter 3; Water Resources. Climate Change Impacts
in the United States: The Third Nationaf Climate Assessment, J. M. Melitio, T.C. Richmond,
and GW. Yohe, Eds, US. Glabat Change Research Pragram, DOE10.7930/J0G44NG6T.

National Drought Mitigation Center, University of Nebraska-Lincoln. 2014. Drought
impact Reportes. hitpis ank o/l i

Monier, E., X. Gao, J. Scott, A, Sokalov, and C. Schiosser. 2014, A framework fo model-
ing uncentainty in regional climate change. Climatic Change. DOL: 10.1007/510584-014-
1125,

Georgakakas, A., P.Fleming, M. Dettinger, C. Peters-Lidard, T.C. Richmond, K. Reckhow,
K.White, and D. Yates, D. 2014, Chapter 3: Water Resources, Ciimate Change impacts
inthe United States: The Third National Climate Assessment, J. M. Melitle, T.C. Richmond,
and GW. Yohe, £ds,, U.S. Globat Change Research Program, DOF10.7930/J0G44NST.

Walsh, 3, D. Wuebbles, K, Hayhoe, 1. Kossin, K. Kunkef, G. Stephens, .. and R. Somervitle.
2014. Ch. 2: Our Changing Climate. Climate Change Jmpacts in the United States: The
Third Nationai Climate Assessment, 1. M. Metillo, Terese {T.C) Richmond, and G. W. Yahe,
E£ds.. U.S. Giobal Change Research Program. DOL10.7930/J0KWSCXT.

Strzepek, K, G. Yahe, J. Neumann, and B. Boehlert. 2010. Characterizing chang-
o5 in drought risk for the United States fram climate change. Enviren. Res. Lett.
DOL10.1088/1748-9326/5/4/044012.

Boeblert, 8, . Fitzgerald, J. Neumann. K. Strzepek, and J, Martinich. 2015, The Effect
of Greenhouse Gas Mitigation on Draught Impacts in the U S. Weather, Climate and
Society. DO¥: 10,1175/ WCAS-D-14-00020.1.

The impact estimates for drought on crop-based agricutture both complement and
overlap with the FASOM/EPIC estimates of the impact of climate change on agricul-
tural crops. The drought uses an ic approach grounded in
historical expenditures ta alteviate historical droughts, and projectians of drought
accurrence—it addresses a subset of effects on agriculture associated with drought
occurrence. The FASOM/EPIC results are more comprehensive in scope and address
both droughts and many other aspects of climate change feg.. changes in the timing
of rainfalf and extreme heat}, and adapt a simulation approach which models specific
actions by farmers and in agricuitural markets that might be taken ta respond to
climate impacts.

Strzepek, K., . Mastinich, J. Neumann, B. Boehlert, J. Henderson, M. Hejaz, .. and 1.
Yoon. 2014. Benefits of Greenhouse Gas Mitigation on the Supply, Management, and
Use of Water Resources in the United States. Climatic Change. DOL: 10.1007/510584-
014-1279-5,

Boehiert, B, £. Fitzgerald, J. Neumans, K. Strzepek, and J. Martinich. 2015, The Effect
of Greenhouse Gas Mitigation on Drought impacts in the U.S. Weather, Climate and
Society. DO 10.1175/WCAS-D-14-00020.1.

Georgakakos, A, P. Fleming, M., Dettinger, C. Peters-Lidard, T.C. Richmond, K. Reckhaw,
K. White, and D, Yates, D. 2014. Chapter 3: Water Resources. Climate Change impacts
in the United States: The Third National Climate Assessment, J. M. Metillo, T.C. Richmond,
and GW. Yohe, £ds., US, Global Change Research Program, DOE10.7930/J0GA4NGT,

ibid.

Henderson, J, C. Radgers, R. jones, . Smith, K. Strzepek, and J. Martinich. 2013, Eco-
nomic impacts of climate change on water resources in the caterminous United States,
Mitig Adapt Strateg Glob Change. DOK10.1007/511027-013-0483-x,

in-stream flows are modefed such that flows below minimum levels requited to sustain
vulnerable aquatic species are assessed a penalty, (n addition, it should be noted that
the agricuttural water use simufated in the CIRA Water Supply and Demand mode!
daes not link with the model used to estimate impacts in that sector of this report,

While the Water Supply and Demand analysis accounts for reactive adaptation in
tesponse to changes in water supply, the effects from water resources technolagy im-
provements and proactive adaptation planning are not included. Adaptation planning
in the water resource sector has increased at the federal fevel in the US, e.g, EPA Na-
tional Water Program's Response ta Climate Change and NOAA's Regionat integrated
Sciences & Assessments (RISA) program,

Stezepek, K., J. Martinich, J. Neumann, 8. Boehlert, ). Henderson, M. Hejazi, .. and J.
Yoon, 2014. Benefits of Greenhouse Gas Mitigation on the Supply, Management, and
Use of Water Resources in the Unitad States. Ciimatic Change, DO 10.1007/510584-
014-1279-9,

Henderson, 1, C. Rodgers, R. jones, J. Smith, K. Strzepek, and J. Martinich, 2013, Eco-
nomic impacts of climate change on water resources in the coterminous United States.
Mitig Adapt Strateg Glob Change. DOI10,1007/51 1027-013-9483-x.



255

Agriculture and Forestry

Hatfeld, 1. G. Takle. R. Grotjahn, P. Holden, R.C, lzaurralde, T. Mader, £. Marshall, and
D. Liverman, 2014, Ch. &: Agriculture. Climate Change impocts in the United States: The
Third National Climate Assessment, .M. Melillo, Terese {T.C.) Richmend, and G.W. Yohe,
Eds. US. Global Change Research Program. DOK10.7930/02Z 1368,

~

U5, Cangress, 2013, The Ecanoraic Contribution of America’s Farmers and the impor-
tance of Agriculturat Exports. hitnuiy ategewpubliclanFiles Seneddile
2 351424543080 178

s

Ibid.

»

Jayce, LA, SW. Running, D.D. Breshears, V.. Dale, RW. Malmsheimer, RN. Sampson, B.
Sohngen, and CW. Woodall, 2014, Ch. 7: Forests. Climate Change Impacts in the United
States: The Thid National Climate Assessment, 1 M. Melillo, Terese (7.} Richmend, and
GW. Yohe, Eds. U.S. Global Change Research Program. DO110.7930/10Z60KZC.

Hatfield, 1, G. Takle, R Grotiahn, P. Holden, RC. fzaurralde, T. Mader, £. Marshall, and
Q. Liverman. 2014, Ch, 6 Agriculture. Climate Change Impacts in the United Stotes; The
Third National Climate Assessment, JM. Metitto, Terese {T.C) Richmand, and GW. Yohe,
£ds, US. Global Change Research Program, 150-174. DOL10.7930/1022 1 3FR.

o

Joyce, LA, S.W. Running, D.D. Breshears, VH. Dale, RW. Matmsheimer, RN. Sampson,
B. Sohngen, and CW. Woadall. 2014. Ch. 7: Forests. Climate Change impacts in the Unit-
ed States; The Third Nationai Climate Assessment, JM. Melillo, Terese {T.C.) Richmand,
and G.W. Yohe, £ds., U.S. Giabal Change Research Pragrarn. DOK10.7930/50260KZC.

~

Hatfield, 1., G. Takie, R. Grotjahn, P. tolden, R.C. lzaurralde, T. Mader, E. Marshall, and
0. Liverman. 2014. Ch. &: Agriculture, Climeate Change Impacts in the United States: The
Third National Climate Assessment, 1.M. Melillo, Terese {T.C.} Richmond, and G.W. Yohe,
£ds. US, Globat Change Research Program, 150-174, DORTC.7936/J02213FR.

®

Joyce, LA, SW. Running, D.D. Breshears, V.H. Dale, RW. Maimsheimer, RN. Sampson,
B. Sohngen, and CW. Woodall. 2014. Ch. 7: Forests. Uimate Change Impacts in the Unit-
ed States: The Third Nationaf Climate Assessment, 3 M. Melitio, Terese (T.C} Richmond,
and G.W. Yohe, £ds., U.S. Glabat Change Research Program, DO1:10,7930/J0260KZC,

<

A wetter future climate, a5 projected under the IGSM-CAM for many crap-growing
parts of the US., will tend to reduce water stress such that some yields may increase
even with higher temperatures. in the EPIC modeling, krigated crops are assumed ta
be able to meet their water needs regardiess of climate change effects on precipita-
tion, sa a wetter/hotter climate scenario just increases their temperature stress without
reducing their water stress. This tends to make impacts on rainfed crops more negative
than for irrigated yields. in addition, he ability of climate models ta simulate precipi-
tation as severe storms of as heavy rainfall rather than frequent drizzle is an emerging
area of research in the climate modeling community. As such, the resuits presented
fiere should be interpreted with acknowledgement of this uncertainty.

0 Hatfeld, 1, G. Takie, R, Grotjahn, P. Holden, RC. zaurralde, T. Mader, E. Marshall, and
D, Liverman, 2014. Ch. & Agriculture. Climate Change fmpacts in the United States: The
Third National Climate Assessment, M. Meliflo, Terese (T.C) Richmond, and GW. Yohe,
Eds., S, Glohal Change Research Program, 150-174. DOK10.7930/J02Z13¢R.

The EPIC simulations assume that crops can be irrigated at a level that eliminates water
stress. A particutar concern for climate change is that in areas where the nesd for irriga-
tion is greatest due to reduction in precipitation, the supply of water for irrigation wilt
also be reduced. To fulfy consider this risk requires integration of crop modeling with
hydrologic modeling for prajections of future water supply, which was nat modeled in
this biophysical crop yield analysis.

Joyce, LA, SW. Running, D.D. Breshears, VH. Dale, LW, Maimsheimer, RN. Sampsan,
B.Sohngen, and C.W. Woodall. 2014, Ch. 7: Farests. Climate Change fmpacts in the Unit-
ed States: The Third National Glimate Assessment, 1M, Metitfo, Terese (T.C) Richmond,
and GW. Yohe, £ds., U.S. Global Change Research Program. DO310.7930/J0Z60KZC.

bl

Mills, D, R. Jones, K. Carney, A. St Juliana, R, Ready, A, Crimmins ... and £ Monier. 2014.
Quantifying and Manetizing Potential Climate Change Policy fmpacts on Terrestri-

at Ecosystem Carbon Starage and Wildfires in the United States. Climatic Change,
DOE10.1007/510584-014-1118-2.

2

The results in Figure 2 from the EPIC mode! show projected crop yields that do not
reflect production and market adjustments.

Williams, JR. 1995. The EPIC Model. In Computer Models in Watershed Hydrolagy, V.P.
Singh {ed ), pp. 909-1000. Highlands Ranch, CO: Water Resources Publication.

&

Thomson, AM, RA, Brown, N.J. Rosenberg, R.C. izaurralde, and V. Benson. 2005.
Climate Change impacts for the Conterminous USA. Part 3: Dryland production of grain
and farage crops. Climatic Changa. DOL:10.1007/1-4020-3876-3.

M

The EPIC simufations assume that crops can be irrigated at a levei that efiminates water
stress. A particular concem for climate change fs that in areas where the need for irriga-
tion is greatest due ta reduction in precipitation, the supply of water far irrigation wilt

n

~

o

N

aiso be reduced. To fully cansider this risk requires integration of crop modeling with
hydrologic modeling for projections of future water supply, which was nat modeled in
this biophysical crop yistd analysis.

The analysis uses climate projections from all five initializations of the IGSM-CAM. Giv-
en the sensitivity of the EPIC and MC1 models to naturat variability, the use of the five
initializatians of the IGSM-CAM climate modt, each of which has an equatly plausible
future climate, aids in ans the potentiat af crop
and vegetation changes in the future. Please refer ta the Levels of Certainty section of
this cepart for more information,

Mills, D, R. Jones, K, Carney, A, St Juliana, R. Ready, A. Crimmins ... and £. Monier. 2014,
Quantifying and Monetizing Potential Climate Change Policy Impacts an Terrestri-

al Ecosystem Carbon Storage and Wildfires in the United States. Cimaric Change,
DOL10.1007/510584-014-1118-2.

The change in forest yield was assumed to be equal to the percentage difference
in net primasy productivity between future years and the average for the baseline
{1980-2009).

White beyond the scope of this analysis, the effects of CO: fertilizatian on forest growth
and productivity may be limited by the avaftability of nitrogen, which coutd influence
the results estimated here.

¥. Cai, A. Thomson, X. Zhang, R, Jones, 8. McCari,... and B, Boehlert. {in
mate change impacts on US agriculture and forestry: bensfits of global
climate stabilization, £nvironmental Research Letters.

Hatfietd, §, G. Takie, R. Grotjahn, P. Holden, B.C. tzaurralde, T. Madey, E. Marshall, and
D.iverman. 2014, Ch. & Agriculture, Climate Change Impacts in the United States: The
Third National Climate Assessment, §,M. Melitio, Terese (T.C.} Richmond, and G.W. Yohe,
£ds, U.S. Giobat Change Research Program, 150-174. DOE10.7930/J02213FR,

Consumer and producer surplus are used to estimate impacts on totat economic
welfare. Consumer surplus is the monetary gain ohtained by consumers because they
are able to purchase a product for 3 price that is fess than the highest price that they
would be willing to pay. Producer susplus of producers’ surpfus is the amount that
producars benefit by sefling at a market price that is higher than the feast that they
wauld be willing to self for.

Beach, B, D. Adams, R. Alig, J. Baker, G. Latta, B. McCarl, .. and £. White, 2010, Model
documentation for the Forest and Agricultural Sector Optimization Model with Green-
house Gases (FASOMGHGY. Prepared for U.S. Environmental Protection Agency.

EPIC, MC1, and FASOM results in the Agriculture and Forestry sections using the
1GSM-CAM climate projections represent the average of the five initializations.

FASOM has perfect forssight of future climate change effects, and thus can optimize
near term fand owner behavior. The moded aiso simulates changes in agriculturat and
forestry commodities beyond those madelted in EPIC {2 crops) and MC1 thard and
softwoods),

This analysis does not reflect climate change impacts an international forests and
agricuiture, which would aiso affect refative returns to different uses of land and trade
patterns and therefore affect land use decisions. Also, numerous uncertainties remain
regarding issuss such as future changes in crop technology, energy policy, and other
interactions that could affect market outcomes.

9N



256

29 FASOM-GHG is optimized to maximize consumer and praducer surplus in the base,
but re-adjusts produttion and consumption patterns to re-optimize in response to
changes in potential yields.

although

30 FASOM directly madels changes to on private i
timber from public fands enters the market exogenously based on public lands poficy.
tmpacts on praductivity due to climate change are only applied to the private timber-
fand.

31 Baehlert, B, K. Strzepek, 5, Chapra, Y. Gebretsadik, M. Lickley, C. Fant, ... and 3, Marti-
nich. {tn review). Greenbouse Gas Mitigation Effects on Water Quality impacts from
Chimate Change in the U.S. Journal of Advances in Modeling Earth Systems.

32 Beach, R, Y. Cai, A. Thomsan, X. Zhang, R, Jones, 8, McCarl,... and 8. Boehtert. (in
review). Climate change impacts on US agriculture and forestry: benefits of globat
dlimate stabilization, Environmental Research Letters.

Ecosystems

Groffman, P. M., P. Kareiva, S. Carter, N. 8. Grimm, J. Lawler, M. Mack, V. Matzek, and H,
Tattis, 2014: Ch. 8: Ecosystems, Biodiversity, and Ecosystern Services. Climate Change
Impacts in the United States: The Third Natianal Climate Assessment, J, M. Mefitio,
Terese (T.C} Richmond, and G. W, Yohe, Eds, U.S. Giobal Change Research Program,
195-219. DOE10.7930/J0TDIV7H,

*

ibid.

w

Metifta, .M., T.C. Richmond, and G.W. Yohe, Eds. 2014, Climate Change impacts in the
United States: The Third National Climate Assessment. U.S, Global Change Research
Pragram. DO%10.7930/10231WJ2.

IS

The impacts modeted in COMBO do nat inctude non-climate stressars, such as
overfishing or water poliution, and do not account for the ability of large-scale reefs
to contain important refugia for resilient corals that could potentially be used in corat
restoration efforts. Together, these factors have the ability to adjust the estimates
presented in this report upwards or dawnwards.

w

Daney. S, A. A. Rosenberg, M. Alexander, F. Chavez, C, D. Harvelf, G. Hofmann, M.
QOrbach, and M. Ruckelshaus. 2014, Ch. 24: Oceans and Matine Resources. Climate
Change Impacts in the United States: The Third National Climate Assessment, 4. M. Melitio,
Terese [T.C.} Richmond, and G. W. Yohe, £ds., U.S, Glabal Change Research Program.
DOL10.7930/J0RFSRZW.

@

Buddemeier, RW., P.L. Jokiet, KM. Zimmerman, DR, Lane, .M. Carey, G.C. Bohting,
and 1A, Martinich, 2008. A modeling toof to evaluate regional coral reef responses.
tochanges in climate and ocean chemistry. Limn Oceanogr Methods. DOL: 104319/
iom.2006.6.395,

Buddemeier, AW, DR, Lane, and JA. Martinich. 2011. Modeling regional coral reef
responses to global warming and changes in ocean chemistry: Caribbean case study.
Chimatic Change, DOLIXLI0D7/510584-011-0022-2.

o

The values presented in this section differ slightly from those presented in Lane et ai.
{2014} due ta differences in aggregating coral cover changes annually or monthly.

©

tane, DR, RC. Ready, RW. Buddemeer, 1.A. Martinich, K.C. Shouse, and C.W. Wobus.
2013. Quantifying and valuing potential climate change impacts on coral reefs in

92

~

W

M

~

N

a

N

4

5

6

3

6

the United States: Comparison of two scenarios. PLeS ONE. DOR10.137 1 journal.
pone0082579.

ibid.

Lane, D.. R, Janes, D. Mills, C. Wobus, R.C. Ready, RW. Buddemeier, E. English, J. Marti-
nich, K. Shouse, and H. Hosterman. 2014, Climate change impacts on freshwater fish,

caral reefs, and refated ecosystem services in the United States. Climatic Change, DO
10.1007/510584-014-1107-2.

US. Enviranmental Protection Agency. 2014, Climate change indicators in the United
States, Third editian. EPA 430-R-14-004.

Daney, S, A, A Rosenberg, M. Afexander, £. Chavez, C. D. Harvell, G. Hofmann, M.
Orbach, and M. Ruckelshaus, 2014. Ch. 24: Oceans and Marine Resources. Climate
Change impacts in the United States: The Third Nationaf Climate Assessment, 1. M. Melillo,
Terese {T.C.) Richmond, and G. W. Yohe, £ds., U.S. Globaf Change Research Program.
DOE10.7930£J0RFSRZW,

in early life stages, same species wilt have higher mortality rates and more develop-
mental abnormalities under acidification conditions expected over the next several
decades. In addition, aduft shelifish tend to grow more slowly and have thinner, mare
fragfte shefls under these conditions.

National Marine Fisheries Service Commerciat Landings for the years 1990-2010. bt
i wicommercial-Gsheries Commer Singss: IMangings,
index,

Doney, 5. A A. Rosenberg, M. Alexander, F. Chavez, C. D. Harveli, G. Hofmann, M.
QOrbach, and M. Ruckeishaus. 2014, Ch. 24: Oceans and Marine Resources. Cimate
Change impacts in the United States: The Third National Climate Assessment, 1. M. Metilio,
Terese {T.C) Richmond, and G. W. Yohe, Eds., US. Global Change Research Program.
DOLI0.7930/10RFSRZW.

ihid.

Oak Ridge National Laboratory, Carbon Diaxide Information Analysis Center.
Program Developed for CO2 System C: : COSYS. fedingamlgoy!
ereansiegdouihtmi.

Maore, C. 2015, Welfare estimates of avoided ocean acidification in the U.S, moflusk
market. Journal of Agricuftural and Resource Economics 401} 50-62.

ibid,

Groffman, P. M, P. Kareiva, $. Carter, N. B. Grimm, J. Lawler, M. Mack, V. Matzek and H.
Tatlis, 2014, Ch. 8 Ecosystems, Biodiversity, and Ecasystem Services. (limate Change
Impacts in the United States: The Third National Ciimate Assessment, 1. M. Melillo,
Terese (T.C} Richmond, and G. W. Yohe, £ds., .S, Glabaf Change Research Program.
DOk10.7930/40TOGVZH.

Ihid.

Horton, R, G. Yohe, W, Easterling, R. Kates, M. Ruth, £. Sussman, ... and F. Lipschuitz.
2014, Ch. 16: Northeast, Climate Change fmpacts in the United States: The Third National
Climate Assessment, J. M. Melitfo, Terese (T.C) Richmond, and G. W. Yohe, Eds., U.S.
Globat Change Research Program. DOE10.7930/J0SF2T3P.

Giobal GHG mitigation is projected to preserve 230,000 acres of coldwater fish habitat
in 2100 under the MIROC climate projections. For alt freshwater fishing guilds, the
totat damages in 2100 are estimated at $1.7 billion in the Reference scenario and $200
million in the Mitigation scenario.

This analysis does not project changes to fish distribution in fakes and reservairs, as
these bodies provide thermal stratification/refugia, and are oftentimes heavily man-
aged {i.e., water lavel and fish stocking).

Jones, R, C. Travers, C. Rodgers, B. Lazar, €. English, J, Lipton, .. and J. Martinich, 2012.
Climate Change Impacts on Freshwater Recreational Fishing in the United States. Miti-
gation and Adaptation Strategies for Global Change, DO 10.1007/511027-012-9385-3.

Lane, D, R, Jones, D. Mils, C. Wobus, R.C. Readly, RW. Buddemeier, .. and H. Hosterman.
2014, Climate change impacts on freshwater fish, coral reefs, and refated ecosystem
services in the United States. Climatic Change, DOL 10.1007/510584-014-1107-2.

Jones, R, C. Travers, C. Rodgers, B. tazar, E. English, 1. Lipton, ., and J. Martinich, 2012,
Climate Change Impacts on Freshwater Recreationat Fishing in the United States. Miti-
gation and Adaptation Strategies for Globol Charige. DQL 10.1007/s11027-012-9385-3.

Groffman, P. M, P. Kareiva, 5. Carter, N. B. Grimm, J. Lawler, M. Mack, V. Matzek, and H.
Taltis. 2014. Ch. & Ecosystems, Biodiversity, and Ecosystem Services. Climate Change
impacts in the United States: The Third National Climate Assessment, J, M. Melitlo,
Terese (T.C.) Richmond, and G. W. Yohe, Eds, U.S. Glabal Change Research Program.
DO}10.7930/JATON7H,

onisSuppCostspdt

Nationat Interagency Fire Center. 2013. Federal Firefighting Costs (Suppression Onty).
ey sy 2 ) ;

bt i




257

©

[P
-

w
kS

¥

4

w
3

PO
3

s

2

=
o

Groffman. P. M., P. Kareiva, 5. Carter, N. 8. Grimm, . Lawler. M. Mack, V. Matzek, and H.
Tallis. 2014, Ch. 8: Ecosystems, Biodiversity, and Ecosystem Services. Climate Change
Impacts in the United States: The Third National Climate Assessment, 1. M. Meliffo, Terese
{T.C} Richmand, and G. W. Yohe, Eds., U.5. Global Change Research Program.
DO#10,7930/50TDIV7H.

Jayce, LA, 5. W. Running, D. D, Breshears, V. H, Dale, R, W. Malmsheimer, R N.
sampson, 8, Sohsigen, and C. W. Wood. 2014. Ch. 7: Forests. Ciimate Change Impacts in
the United States: The Third Nationaf Climate Assessment, 1, M. Melio, Terese (T.C
Richmand, and G. W. Yohe, £ds, U.S. Global Change Research Program. DOL10.7930/
JOZ6DKZC

ibid

Change in annuat acres burned at end of century (2085-2134) compared to the historic
basefing (2000-2003}.

National interagency Fire Center. 2013, Federal Firefighting Costs (Suppression Ony).
2 ik B! asts.pa.

Jayce L. A, 5. W. Running, D. 0. Breshears, V. H, Dale, R, W. Malmsheimer, R N.
Sampson, B. Sobngen, and C. W. Woad, 2014. Ch. 7: Forests. Climate Change impacts in
the United States: The Third Nationat Climate Assessment, J. M. Melillo, Terese (T.C}
Richmond, and G. W. Yohe, £ds,, US. Global Change Research Program. DO}10.7930/
J0Ze0xzC

Comprised of the following Geographic Area Coordination Center regions: Northern
Rockies, Rocky Mountain, Southwest, Eastern Great Basin, Western Great Basin,
Northwest, Cafifornia North, and California South.

Percent changes calculated by camparing acres burned under the Reference scenario
atthe end of the century (average af 2085-2114) compared to the historic basefine
{average of 2000-2009).

Fuel management costs are estimated at §15 bilfion under the Reference and $12
bitlion under the Mitigatian scenari through 2100 {average across all IGSM-CAM

20148, di at 34, ing to avoided costs {benefits) of
$3.4 hillion under the Mitigation scenatio.

Fuel managemerit costs ware not estimated using the MIROC climate model.

The CIRA rasults simufated in the MCT vegetation model suggest a substantial change
to the wildfire regime we experience today. For example, unmitigated climate change
s projected to increase area bumed by wildfire annually by approximately 45% in Cali-

fornia by the end of the century, 64% in the Mountain West, and 95% in the Northwest.

Given the sensitivity of the MC1 climate model to natural variability, the use of the five
initializations of the IGSM-CAM climate model, each of which has an equally plausible
future climate, aids in qand o g the potentiol of
vegetation changes in the future.

Because the IGSM-CAM projects a wetter future for a majority of the nation,
pattern-scaled output from twa additional climate models were simufated in MC1 to
encompass a braader range of passible climate futures. While all three sets of climate
projections show increases in the area burned by wildfire compared to the historic
period, only the IGSM-CAM and MIROC climate madel resulfts are presented in this
repost. Far an in-depth discussion of the results, see- Miffs, D, R. Jones, K. Carney, A, St
Jufiana, R, Ready, A, Crimmins, ... and € Monier. 2014, Quantifying and Manetizing
Patential Climate Change Policy impacts on Terrestrial Ecosystem Carbon Storage and
Wildfires in the United States. Climatic Change. DOL10.1007/410584-014-1118-2,

Na(mna( Wildfire Cnordmatmg (roup 2011, Historical incident 1CS-200 reports.
AR {hist 209/enert list 209,

Lee, C, C. Schiemme, J. Murray, and R. Unsworth. 2015, The cost of climate change:
erosystem services and wildiand fires. Ecofogical Economics. DOE10.1016/ ecole-
€0n.2015.04.020,

Mills, 0. R, Jones, K. Camey, A. St Juliana, R. Ready, A, Crimmins, ... and E. Monler. 2014.
Quantifying and Monetizing Potential Climate Change Paticy fmpacts on Tersestriat

Ecosystem Carbon Storage and Wildlfires in the United States. Climatic Change.
DOL10.1007/510584-014-1118-2.

46 tee, C, €. Schiemme, J. Muraay, and R. Unsworth, 2015, The cost of climate change:
ecosystem services and witdland fres. Ecological Economics, DOET0.1016/,ecqle-
€on.2014.04.020.

47 Joyce, L A, S, W, Running, 0. D, Breshears, V. H. Dale, R. W. Malmsheimer, R, N.
Sampson, B. Sohngen, and C. W. Wood. 2014. Ch. 7: Forests. Climate Change impdcts in
the United States: The Third National Cimate Assessment, J. M. Meliflo, Terese (T.C)
Richmond, and G. W. Yohe, Eds., U.S. Globaf Change Research Program, DOE10.7$30/
J0Z60KZC.

48 Gafloway, 1 N. W. H. Schlesinger, C, M, Clark, N, B. Grimm, R, B. Jackson, B. €. Law, ... and
R.Martin. 2014. Ch, 15: Biogeachemicat Cycles. Climate Change Impacts in the United
States; The Third Nationa! Climate Assessment, J. M. Melifio, Terese (T.C) Richmond, and
G. W. Yohe, £ds., U.5. Globat Change Research Program. DOL10.7930/J0X634T0,

43 Joyce, L. A. S W. Running, D. D. Breshears, V. H. Dafe, R. W. Malmsheimer, R N.
Sampson, 8. Sohngen. and C. W. Wood. 2014.Ch. 7: Forests. Cimate Change Impacts in
the United States: The Third National Climate Assessment, J. b Melillo, Terese (T.C)
Richmond, and G. W. Yohe, Eds. U.S. Global Change Research Program. DOL10.7930/
J0Z60KZC.

50 Change from the 2000-2009 average to the 2095-2104 average.

51 USDA Forest Service, 2012, Future of America’s Forest and Rangelands: Forest Service
2010 Resources Planning Act Assessment, Gen. Tech. Rep. WQ-87. Washington, DC.

52 See Mills et al. (2014} for 3 detailed examination of the differences between the MC1
simulations using the two climate projection methods 1GSM-CAM and MIROC
pattern-scaled climate models}, as welt as a discussion of the drivers behind these
differences.

53 Qregon State University. 2011. MC} dynamic vegetation model. httey/wenyfslorit,

didareny.

54 Given the sensitivily of the MCT climate mode to natural variabiity, the use of the five
initializations of the IGSM-CAM climate madsl, each of which has an equally plausible
future climate, aids in and g the potential of
vegetation changes in the future.

55 U.5. Interagency Working Group on Social Cost of Carbon. 2013, Technicat support
document: technicat update of the su(lal cost olcaxbcn far requ(a(ory lmpact analysis
under Executive Ordes 12866. httpu/iw
inforegrsocial cest of carbon for

ndatepd

g 201

56 Mills, D., R. Jones, K. Carney, A. St Jultang, R. Ready, A, Crimmins, ... and €. Monier. 2014,
Quantifying and Monetizing Potential Climate Change Palicy impacts on Terrestriat
E£cosystem Carbon Storage and Witdfires in the United States. Climatic Change,
DOL10.1007/510584-014-1118-2,

CONCLUSION

3 The faw efforts to date that have estimated multi-sectot impacts In a consistent
framewark includs the European C PESETA project
sxtonas), and the Risky Business Inftiative (hi: 2iskybusinRes10). 2 project
focusing on ecanamic risks in the .S, Integrated assessment models, such as FUND
(it fund-tmorelerg), are also being used to estimate the multi-sector social costs of
GHG emissions.

et

2 The use of a dimate model that generates a relatively higher amount of future
precipitation may strongly influence results in a particular sector, For example, infand
flooding damages may be larger under these watter climate projections comparad to
those under a drier model. This same sensitivity of sectoral results to the choice of
climate moded could affect a different part of the water sector in complementary ways,
such that drought damages could be smaller compared to those under a drier model.



258




259

Senator CARPER. Thank you, Madam Chair.

Dr. Rice, mother of three, you mentioned in your testimony the
many different ways that climate change is already impacting the
health of Americans. Who would you say are the most vulnerable
to the health effects of climate change and who would have the
most to gain from reductions in carbon pollution?

Dr. RICE. Thank you for this question, Senator Carper.

A number of groups are especially vulnerable to the health con-
sequences of climate change. The ones I would identify would be
the elderly because many of them already have chronic health con-
ditions like heart and lung disease that makes them especially vul-
nerable to the health effects of high heat and high air pollution lev-
els.

Another very important group is low income people. People who
have less income have less access to air conditioning during heat
waves. There have been a number of studies looking at cities which
suffer the most in some ways from extreme heat because of an is-
land effect of the buildings in the cities. The poor neighborhoods of
cities have been found to have the worse urban heat problem.

People who have low income also are the same people who are
often exposed more to higher levels of air pollution to begin with
and have less access to health care and resources to help them
manage climate change.

There is a third group. I know I am short on time, but that is
children. Asthma is especially prevalent in children. They are at
high risk from all of the issues I identified, high heat, high ozone
levels, air pollution from wildfire, and higher pollen levels. It is
going to be a major consequence for American children.

Senator CARPER. One quick yes or no answer, if you will. In a
study released last week by the Lancet, one of the world’s oldest
and best known German medical journals concluded that the im-
pacts of climate change threaten to undermine the last half-century
of gains in development and global health. Would you agree with
this conclusion, yes or no?

Dr. RICE. I certainly agree it is a major public health problem
facing the planet.

Senator CARPER. Thank you.

My time has expired. Thank you.

Senator CAPITO. Thank you.

Senator Fischer.

Senator FISCHER. Thank you, Madam Chairman and Ranking
Member Carper.

Mr. Cicio, Nebraska is a public power State. One hundred per-
cent of our power is owned by the people of Nebraska. We are going
to be hit especially hard by these regulations proposed in the Clean
Power Plan. We are going to see rate increases that I believe will
be substantial.

What do you believe will be the impact of the increase we are
going to have in the electricity rates on business operations like
manufacturing? What will be the impact there?

Mr. Cicio. All of these companies compete globally. There is al-
most no exception anymore. As I specifically alluded, the competi-
tion is very fierce. Companies win or lose business based on a cents
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a pound or pennies on a ton of product they make, so all of these
costs are additive.

When we get to the Clean Power Plan, it is not just the cost of
the Clean Power Plan. Embedded in those electricity rates that
give your State a problem, there is already the cost of PM>s and
there is already the mercury rule cost.

For us in industrials, there is already the industrial boiler MATS
cost. Now there is the Clean Power Plan cost. On top of that is
coming the ozone cost. It is a cumulative cost of doing business
that our competitors do not have overseas.

There is no way around higher costs and loss of competitiveness.
Eventually it impacts jobs. Most of our jobs are middle class jobs.

Senator FISCHER. What is the impact then on American families?
When we see these costs on businesses continue to increase, that
has a direct cost on American families, correct? How would you say
the ARENA Act will address some of these issues? What specifi-
cally is in the proposed legislation?

Mr. Cicro. I would like to say from a commonsense standpoint,
everyone in the Country that has followed this knows this is going
to be litigated, 100 percent sure. There is no doubt about it.

The EPA knows there are costs. The EPA does not want to hurt
people by higher energy costs but this rule will. It is commonsense
to say let us wait until we have this settled by the courts before
States act to particularly shut down, as the EIA report of last
month said, they are not going to shut down 40,000 gigawatts, it
is now 90,000 gigawatts of coal fired power plants prior to 2020.
That will have a dramatic impact on increasing electricity costs.

Senator FISCHER. Thank you.

Mr. Alford, I think most of us in this room take our ability to
have electricity for granted. As you mentioned, there is a large
number of Americans who are balancing whether they can afford
an electric bill or pay rent or put food on the table for their fami-
lies. As you mentioned, that is going to lead, I think, to those hard
choices that people make and send some of them to the streets
where they become homeless.

Can you talk more about those tough choices that low income
families have to make when they look at their electricity bills, why
you think the costs are going to be driven up through this action
by EPA, and why it will be so harmful?

Mr. ALFORD. Dr. Rice is a mother of three. I am a father of six.
I guess I am up to 11 grandchildren. My wife and I have been the
godmothers and godfather of the very extended family.

There are a lot out there who need help and we do all we can
to connect them with some of our members who can create jobs for
them, but it is an ongoing task. It is rough out there.

I have children in Mobile, Atlanta and Los Angeles and it gets
worse and worse and worse. Lord knows what happens to someone
who does something wrong and gets into the judicial system, they
will never have a job unless I create a job for them. It is very rough
out there.

I think we need a government that is sensitive to what is going
on in these communities and will come up with some policy that
builds a greater America and a more secure America and not put
people on thin ice.
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Senator FISCHER. Well said, well said. We all want clean air, we
all want clean water, but we need to be aware of what these regu-
lations will do to American families.

Thank you, sir.

Mr. ALFORD. I have been having discussions with the Omaha
Black Chamber of Commerce too.

Senator FISCHER. Great. Thank you.

Senator CAPITO. Senator Merkley.

Senator MERKLEY. Thank you very much, Madam Chair.

I wanted to follow up with Dr. Rice. The statistics that I have
seen say that 78 percent of African-Americans live within 30 miles
of a coal-fired power plant and that an African-American child is
three times more likely to go to an emergency room for an asthma
attack than a White child and twice as likely to die from an asth-
ma attack.

Is there a correlation or connection between the coal-fired power
plants and the higher death rate for African-American children?

Dr. RICE. The health effects of air pollution from coal-fired power
plants and other sources of particle air pollution are very well doc-
umented. It is now well established in the scientific community
that air pollution causes increases in hospitalization for asthma,
asthma attacks, and more medication to treat the asthma symp-
toms.

There are also inequities in where people live and where the
sources of air pollution are located. That is an issue called environ-
mental justice. Communities of color and low income communities
are disproportionately exposed to air pollution from coal-fired
power plants and other sources of air pollution. Therefore, if we re-
duce greenhouse gas emissions, those communities stand the most
to benefit locally, right there where the pollution is emitted.

Senator MERKLEY. To summarize, you are saying yes, there is a
connection between the coal-fired power plant pollution and the ill-
nesses and deaths that are disproportionately occurring?

Dr. RICE. The simple answer is yes. I do agree with you.

Senator MERKLEY. It sounded like you were withdrawing the ex-
planation of why that was indeed the case.

You ended on the note that disproportionate benefits from chang-
ing the quality of the air go to those who are most affected and
that would be those closest to sources of pollution. Public health
and climate benefits from this law are estimated to be somewhere
between $55 billion to $93 billion per year 15 years from now. That
is 1compared to the estimates of $7.3 billion to $8.8 billion for the
rule.

On the order of 8 to 1 or 10 to 1 of health benefits versus cost,
that seems a pretty good tradeoff for an investment when you can
get an eightfold return. It is a huge quality of life issue. Would you
share that opinion?

Dr. RICE. Senator, I agree that the public health benefits of re-
ducing greenhouse gas emissions are tremendous. They have been
studied in a number of different ways, including the report you just
cited that showed the public health benefits for mortality and other
health issues far outweighed the implementation costs.

That is just one study but there have been many other studies.
There is one done by Jason West and a group at UNC, Chapel Hill,
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looking at just the mortality benefits of the better air quality from
reducing greenhouse gas emissions, not even looking at all the
health effects I talked about from climate change, but just the air
pollution benefits that would be gained right away. They estimated
that those mortality benefits would exceed abatement costs by
2030.

Senator MERKLEY. In your testimony, you noted the impact of
forest fires. This is particularly occurring out west where we have
large coniferous forests that are a major part of our rural lifestyle
with our lumber and timber industries.

In the last 40 years, we have seen an increase in the fire season
by about 60 days with a huge correlation of more acres of timber
burning. In your testimony, you pointed out the health impacts of
that smoke and the smoke plumes basically traveling across the
Nation.

Dr. RICE. Senator, I can give an example. Wildfire smoke can
travel very far distances. There are health effects for communities
right there where the fires take place, but there are also res-
piratory and heart health effects in very distant places.

The wildfires that affected Russia some years ago, those plumes
traveled the distance from Chicago to San Francisco, that equiva-
lent difference. That means that thousands and thousands of peo-
ple in the regions of wildfires are experiencing health effects due
to the reduced air quality.

Senator MERKLEY. Since the prevailing winds go from west to
east, when our forests are burning out in Oregon, California and
Washington State, the rest of the Nation is experiencing those im-
pacts. There is also an impact on our rural economy because when
we lose both to fire and pine beetles, and I realize that is not your
expertise, but with the warmer winters, the pine beetles are doing
very well and the timber not so well.

I am over my time, so thank you very much for your feedback.

Senator CAPITO. Thank you.

I would like to turn it over to the Chairman of our full com-
mittee, Chairman Inhofe.

Senator INHOFE. Thank you, Madam Chairwoman.

I remember when we had the first appointed Director of the
EPA, Lisa Jackson in the room. It was during the COP in Copen-
hagen. I asked her, if we are to pass the legislation that has been
proposed here, let us keep in mind it started way back in 1997
when we passed the Byrd-Hagel rule by 95 to zero, that if you come
back from Rio de Janeiro or one of these places with a treaty that
either hurts our economy or does not require the same thing from
China and other countries, then we would not ratify it. Con-
sequently, they never put it forward for ratification.

I said if we were to pass either by regulation or by legislation
these reductions, is this going to have the effect of lowering CO>
emissions worldwide? Her answer was no, because it only affects
us here in the United States. This is not where the problem is. The
problem is in India, China, Mexico and other places.

In fact, would you say, Mr. Cicio, that it would actually have the
effect of increasing CO, worldwide emissions if we were to unilater-
ally reduce our emissions here by an amount that is going to be
driving our manufacturers overseas, where do they go, they go to
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places where they have the least restrictions. Am I missing some-
thing there?

Mr. Cicio. No, you are not missing anything. As a matter of fact,
I testified before the House Energy and Power Subcommittee, and
one of the key points I made is if we want to be serious about re-
ducing global greenhouse gas emissions, the single most important
thing we need to do is increase the manufacturing of products in
the United States versus China, for example.

Senator INHOFE. Exactly.

Mr. Cicio. When China produces goods, they emit 300 percent
more CO, than we do here. If energy cost goes up here, then it is
going to result in more imports of these energy intensive products.
As a reminder, 70 percent of our manufacturing imports is from
one country, China.

Senator INHOFE. That is right.

Mr. Alford, it is good to see you again. I asked for the printed
copy of your study. The key findings are fascinating. It con-
centrates on the regressive nature of this type of legislation or rule.
Is that right?

Mr. ALFORD. That is absolutely correct, sir.

Senator INHOFE. I have not seen it done specifically like this be-
fore, so this is something we will use. Was this done for you by an
outside group?

Mr. ALFORD. It was done by Dr. Roger Bezdek of Management
Information Systems. We do a study about every two or 3 years
with that group. They are very on the money.

Senator INHOFE. I appreciate that.

Mr. Trisko, I think you made a vague reference to a study of de-
cisions to middle or low income people. I asked to get the written
copy. Could you elaborate a bit on that? I do not think you had a
chance to do that in your opening statement.

Mr. TRisKO. The study I attached to the statement is one of a
long running series going back to the time of the Kyoto Protocol.
We wanted to know what American families spent on energy de-
fined as residential utilities and gasoline. I have been updating
that study more or less on annual basis ever since. We found, as
a general matter, the percentage of after tax income that American
households spend on energy has more than doubled over the course
of the last 10 to 15 years.

You mentioned the regressive aspects of energy costs and energy
price increases. The study I have attached to my statement today
looks in particular at the percentage of after tax income for energy
spent by households with gross incomes of $30,000 or less. That is
about 30 percent of our population. Those households are spending
23 percent of their after tax income on energy.

Senator INHOFE. Of their expendable income?

Mr. TriSkO. Twenty-three percent of their after tax income goes
to residential utilities and gasoline. That compares with an average
of 7 percent for households earning more than $50,000 a year, so
it is three times greater for the low income category of $30,000 or
less.

The impact of energy price increases is three times greater on
those households than it is for households making $50,000 or more
per year.



264

Senator INHOFE. That is good and is almost exactly what you are
saying, Mr. Alford, that it is regressive in that respect.

Mr. ALFORD. Yes, it is. You brought up asthma. If you look at
the Mayo Clinic, there is no prevention for asthma and there is no
correlation of asthma and air. Asthma has been increasing even
though through the Clean Air Act, we have been good stewards and
decreasing and decreasing ozone and all the emissions, asthma con-
tinues to rise. No one knows why.

There is this big false projection that global warming causes
asthma. We do not know what is causing asthma. Most of the peo-
ple who have it get out of it by the time they are adults because
their lungs and bodies are strong enough to fight it off.

I am getting very sick of people saying asthma and dirty or glob-
al warming. It is a myth.

Senator INHOFE. Thank you, Mr. Alford.

My time has expired.

[The prepared statement of Senator Inhofe follows:]

STATEMENT OF HON. JAMES M. INHOFE,
U.S. SENATOR FROM THE STATE OF OKLAHOMA

We are here today to talk about the President’s climate agenda with a particular
focus on its impacts to American businesses and families. There is no doubt, and
wide reaching consensus that the price of power would increase under the Presi-
delznt’s latest regulations, with primary attribution to the so-called Clean Power
Plan.

Despite the rhetoric from President Obama and his EPA, his domestic climate
agenda has nothing to do with improving the environment or the lives of American
citizens. His carbon regulations for new, modified and reconstructed, and existing
power plants are nothing more than high-cost, unprecedented power grabs. The
Clean Power Plan alone would cost $479 billion, result in double digit electricity
price increases in 43 States and reduce grid reliability. Some regions would not only
be dealing with cascading outages and voltage collapse, but paying for long-term in-
vestments in power generation that is prematurely shut down.

Although these policies make up the core components of President Obama’s cli-
mate agenda they would have a negligible impact on the environment—impacts the
EPA did not even bother to measure—and would be rendered completely pointless
by business as usual in India in China. Further, both of these countries stand to
inherit the economic activity and jobs that would be shipped overseas, which has
the projected result of actually increasing overall emissions.

When it comes to the climate science this President relies on, I would like to re-
mind everyone that he is using the same science from the same institution that was
caught up in the Climategate scandal of 2009. The UK Telegraph described
Climategate as “the “worst scientific scandal of our generation” when it was discov-
ered scientists were manipulating temperature data to produce the outcomes they
wanted.

When it comes to health benefits, much of what the EPA relies on comes from
benefits associated with reductions in particulate matter (PM), not carbon. Further,
PM is already regulated under the Clean Air Act and set at a standard the EPA
itself identifies as safe.

When it comes to the legality of this proposal, it is on equally questionable
ground. The EPA relies on a reimagined interpretation of the Clean Air Act that
is counter to the law’s historical application and extends far beyond what Congress
ever intended.

It makes sense that 32 States oppose the President’s climate proposals and 16
have already challenged the EPA in court. While preliminary challenges have hit
a minor, technical speed bump, once the rule is final and the courts get to the mer-
its of these legal challenges, the Clean Power Plan will not withstand judicial scru-
tiny. It does not make sense for States to spend limited resources planning out how
to comply with a rule that we know will ultimately be stricken down.

As an original cosponsor to the Clean Air Act Amendments of 1990, I know what
good environmental policy looks like. It balances environmental improvements with
economic growth. It improves our standard of living while strengthening access to
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the American dream. It builds on existing partnerships and opens up the doors for
new ones. Most importantly, it comes from Congress.

Good environmental policy looks nothing like the Clean Power Plan or any of the
climate regulations this Administration has proposed. I thank Senator Capito for
drafting S. 1324, the Affordable Reliable Electricity Now Act of 2015 to address
these problems. Her bill sends the EPA back to the drawing board and provides a
host of new requirements that will ensure future proposals actually improve the en-
vironment in a balanced and healthy way. Her bill increases transparency, protects
the role of States, and provides certainty to the regulated community. Finally, it
protects energy consumers—from industrial manufacturers to the kitchen table—
from unnecessary costs and unjustified price increases.

I have no doubt this Country will continue down the path of an ever improving
and healthier environment, but these gains will be achieved through American inge-
nuity and innovative advancements, not Government mandates.

I thank the witnesses for being here today and I look forward to your testimony.

Senator CAPITO. Thank you.

Senator Markey.

Senator MARKEY. Thank you very much.

Dr. Rice, you are here from Harvard Medical School. People are
getting sick, are they not? They are not getting sick the way Harry
Alford is getting sick. They are really getting sick, aren’t they?

Maybe you can bring to us a little bit of your information about
the increased hospitalizations, the respiratory related diseases and
all of the things that are actually implicated in having this addi-
tional pollution in our atmosphere. Can you talk a bit about how
it is impacting especially children in our Country?

Dr. Rick. Thank you, Senator Markey.

This is certainly an area where I feel I have a lot to add to the
discussion because I am a lung doctor, I take care of patients with
lung disease and I also study air pollution when I am not taking
care of patients.

In addition to my personal observations as a doctor, I see pa-
tients come to see me more often because the pollen level is worse
31" the ozone levels in Boston sometimes get very high on very hot

ays.

We also have the observations of the physicians of the American
Thoracic Society and the survey I mentioned. Of the doctors com-
pleting the survey, the vast majority of them commented they have
personally observed that their patients’ lung function is worse and
their symptoms are worse during high air pollution days.

Senator MARKEY. There are real implications for the 12 million
Americans who already have respiratory illnesses?

Dr. RicE. Certainly. We can look back at the incredible success
story of the Clean Air Act. The reductions in air pollution as a re-
sult of the Clean Air Act have been astounding. We have really
come a long way.

When we look back, researchers look back at the health benefits
of the Clean Air Act, they have been astounding, not just for res-
piratory illness or asthmatic symptom control, but also mortality
and heart disease.

Senator MARKEY. Earlier in your testimony, you mentioned your
own son who has a respiratory illness. What can additional pollu-
tion that we send up, uncontrolled mean for him and for those oth-
ers of millions of victims across the Country?

Dr. RICE. There are a variety of sources of air pollution. One is
the power plants through the burning of greenhouse gases. There
is also traffic and other things.
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The reality is that if we do not do anything about greenhouse gas
emissions, the EPA report looked at just that piece of the pie and
found that ozone levels will increase, predict that we will actually
have increases in ozone whereas ozone levels have actually de-
clined and we have experienced health benefits as a result of those
gains.

Senator MARKEY. Thank you for putting that out there. There is
real sickness, not metaphorical sickness, that is occurring because
of global warming.

Mr. Martens, you are here representing New York and one of the
RGGI States, the Regional Greenhouse Gas Initiative States, all of
New England, those six States, New York, Maryland and Dela-
ware, nine States that banded together.

Over the last 7 years, Massachusetts has actually seen a 40 per-
cent reduction in the greenhouse gases that we are sending up
while we are seeing a 22 percent growth in our economy.

Can you talk a bit about that virtuous cycle that seems to elude
the observation of those who are critical of our ability to be able
to increase the health of individuals and the economy simulta-
neously?

Mr. MARTENS. As I said in my testimony, the RGGI experience
has been an extraordinarily successful one. We had an independent
study done by the Analysis Group that quantified the benefits over
a 3-year period from 2009 to 2011.

There was $1.3 billion in reductions in bills over the RGGI re-
gion; $1.6 billion in extra or incremental economic activity. It has
been an extraordinarily positive experience, all the while, as you
said, the region has experienced economic growth. We have reduced
bills for low and moderate income families.

Senator MARKEY. Say that again. You have reduced the elec-
tricity bills for low and moderate income people?

Mr. MARTENS. Yes. The cumulative benefit to just New York low
and moderate income bill payers has been $60 million to date
through the first quarter of this year. Those benefits will continue
on into the future because New York has specified income eligible
ratepayers in two of its programs.

The beauty of the program is that States have the flexibility to
target the revenue from the sale of those allowances to a variety
of programs. Industrial customers can benefit; low and moderate
income ratepayers can benefit; businesses and your average home-
owners can benefit. It has been a tremendous success story.

Senator MARKEY. It is my understanding, Mr. Martens, that
under the proposed rulemaking, for example, New Jersey or Penn-
sylvania could join our Regional Greenhouse Gas Initiative. They
can plug into an already existing system that is working, that is
lowering costs for low and moderate income, lowering the amount
of greenhouse gases while seeing tremendous growth in our GDP.
I think there is a reason to be very optimistic.

Listening to the Pope’s admonitions to us that we should be the
global leader on this, we can use market forces to accomplish the
goal while still enjoying tremendous economic growth and taking
care of the poor and the moderate income people in our Country.

Mr. MARTENS. I agree with you entirely, Senator. I think there
are places around the Country that could benefit from that model.
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It may not be identical to the RGGI model but certainly States co-
operating makes great sense because the efficiencies of dealing
with multiple States and energy systems that cross State bound-
aries has obviously been a great advantage in the RGGI States. I
think it could be elsewhere also.

Senator MARKEY. I am afraid too many people are just pessi-
mistic in general. They are just not optimistic about our ability as
Americans to be the global leader, to use new technologies, to in-
vest in the future, protect young people and our economy at the
same time. Unfortunately, they harbor a great doubt about our
Country’s ability to do that.

I thank the two of you for your testimony because you point out
the problems and the solutions. You all have done it in a way
which I think should really give people some hope.

Thank you, Madam Chair.

Senator CAPITO. I think that concludes our hearing. I want to
thank the witnesses for bringing forth some great information and
facts and lots for us to think about. I appreciate you all taking time
today to be with us.

I want to thank my Ranking Member.

With that, we will conclude the hearing. Thank you.

[Whereupon, at 3:19 p.m., the subcommittee was adjourned.]
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