National Aeronautics and Space Administration

Headquarters
Washington, DC 20546-0001

May 31, 2019

Reply to attn. of: Offlce Of Communlcatlons

Mr. Benjamin Levitan

and Lance Bowman
Environmental Defense Fund
1875 Connecticut Ave., NW
Suite 600
Washington, DC 20009

Re: FOIA Tracking Number 19-HQ-F-00404
Dear Mr. Levitan and Bowman:

This is the final response to your Freedom of Information Act (FOIA) request to the National
Aeronautics and Space Administration (NASA), dated March 25, 2019, and received in this
office on March 26, 2019. You sought numerous records pertaining to any climate review. In
an email dated April 1, 2019, however, you clarified that your request seeks records
pertaining to a meeting reportedly convened by the White House/National Security Council in
February 2019 regarding a review of climate science. Specifically, you seek records
pertaining to:

1) Any invitation or request for NASA to participate in the February 2019 meeting, or
any other meetings concerning climate science;

2) Whether NASA participated in any meetings or discussion related to climate science;

3) Any discussions about the nature and extent of NASA’s involvement in climate
science; and

4) Anything else about the White House/National Security Council review of climate
science, such as its structure, goals, purpose, and methods.

Our interim response, dated May 8, 2019, summarized our work on your request thus far. It
also provided you with 57 pages of records obtained from our search within ITCD, and
advised that we would provide you with another response once our review of records located
in the Office of Interagency and Intergovernmental Relations (OIIR) is complete. That review
is now complete and remaining records from ITCD as well as OIIR are enclosed.

Please note that the enclosed records include communications originating from the National
Security Council (NSC), a component of the White House that is not subject to the FOIA.
Although these communications from the White House do not constitute “agency records”
that are subject to FOIA, NASA consulted with the NSC in an effort to release to you as much
information as possible. Thus we, in consultation with the NSC, reviewed under the FOIA the
responsive records to determine whether they may be accessed under the FOIA's provisions.
Based on that review, this office is providing the following:



50 page(s) are being released in full (RIF);

10  page(s) are being released in part (RIP);

10  page(s) identified as non-agency records per consultation with National Security
Council;

NASA redacted from the enclosed documents certain information pursuant to the following
FOIA exemptions:

Exemption 6, 5 U.S.C. § 552(b)(6)

Exemption 6 allows withholding of “personnel and medical files and similar files the
disclosure of which would constitute a clearly unwarranted invasion of personal privacy.” 5
U.S.C. § 552(b)(6)(emphasis added). NASA invokes exemption 6 to protect the names of
private individuals, as well as email addresses and other contact information of third parties
referenced in these records.

Appeal
You have the right to appeal my action on your request. Please send any appeal to:

Administrator

NASA Headquarters
Executive Secretariat
ATTN: FOIA Appeals
MS 9R17

300 E Street S.W.
Washington, DC 2054

Both the envelope and letter of appeal should be clearly marked, “Appeal under the Freedom
of Information Act.” You must also include a copy of your initial request, the adverse
determination, and any other correspondence with the FOIA office. In order to expedite the
appellate process and ensure full consideration of your appeal, your appeal should contain a
brief statement of the reasons you believe this initial determination should be reversed.

Assistance and Dispute Resolution Services

For further assistance and to discuss any aspect of your request you may contact NASA’s
Principal FOIA Officer, Nikki Gramian, via telephone at 202-358-0625 or via e-mail at
Nikki.N.Gramian@NASA.gov. You may also send correspondence to Ms. Gramian at the
following address:

Freedom of Information Act Office

National Aeronautics and Space Administration
NASA Headquarters

300 E Street, S.W., 5P32

Washington D.C. 20546

Fax: 202-358-4332


mailto:Nikki.N.Gramian@NASA.gov

Additionally, you may contact the Office of Government Information Services (OGIS) at the
National Archives and Records Administration to inquire about the FOIA mediation services
it offers. The contact information for OGIS is as follows:

Office of Government Information Services
National Archives and Records Administration
8601 Adelphi Road-OGIS

College Park, Maryland 20740-6001

Email: ogis@nara.gov

Telephone: 202-741-5770

Toll free: 1-877-684-6448

Fax: 202-741-5769

Important: Please note that contacting any agency official including the undersigned,
NASA’s Principal FOIA Officer, and/or OGIS is not an alternative to filing an administrative
appeal and does not stop the 90 day appeal clock.

Sincerely,

Electronic signature /S/

Stephanie K. Fox
Team Lead / Chief FOIA Public Liaison

Enclosures


mailto:ogis@nara.gov

Re: Daily on Energy, presented by GAIN: Rift grows in GOP over climate change

... Greens celebrate Endangered Species Day

From: Thomas Wysmuller (1G]
To: William Happer <S>

Cc: Bridenstine James <james.f.bridenstine@nasa.gov>, Singer S. Fred

>, Bridenstine, James F. (HQ-AA000) </O=NASA/OU=EXCHANGE
ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=Bridenstine, James F 8724750558df>

Sent: May 19, 2018 11:12:32 AM EDT
Received: May 19, 2018 11:12:44 AM EDT
Hi, Wil:

I'll embed my reaction within your e-malil

On May 19, 2018, at 8:27 AM, William Happer LG <2 < > otc:

Dear Tom,

Thanks for the assessment. With repect to Fred Singer's WSJ Op Ed, | was surprised to read what seemed to be a
statement that the rate of sea level rise is "accelerating.” | don’t see that in the tide gauge data. Neither do I. Could this
be another editorial improvement? Quite likely. Fred told me he is limited to typing with only one hand, and was having
a difficult time doing so. | asked him to send me the final WSJ submission (that | was originally supposed to get prior to
its delivery), and he thinks it may have been accidentally erased. Some of the “factoids” that | talked to Fred about
ended up in his thinking, but the floating Ross Ice Shelf contributing to SLR was not one of them. He did use some of
the Zwally paper’s conclusions, but reference to it was either omitted or deleted by the WSJ.

And how Bridenstein or anyone else can say that humans are a major cause of warming is a puzzle to me. I'll go along
with humans playing a major role in the increase of CO2 in the atmosphere, from a relatively steady 280ppm for the
past two thousand years +, to over 400ppm, starting in the late 1700s, but oceanic warming did not follow at anything
near the CO2 increase rate. Whatever warming we have had over the past 50 or so years is indistinguishable from
many previous warmings. You are absolutely correct!!! Per EPICA and Vostok, the past three interglacials each were
warmer than the present, and there were no factory or transportation emissions helping boost temperatures along
back then.

| still believe Jim Bridenstine was trying to diffuse what is essentially a non mission-critical issue, as the Potomac
estuary will not inundate NASA Headquarters anytime soon, or within anyone’s lifetime either. NASA is an agency far
different than the one | worked in during the Apollo days, and the challenge Jim faces will be getting it back to a no-
nonsense, measured and validated data orientation. Catastrophic SLR and runaway temperature rise is part of the
nonsense, and he will be wise to systematically sidestep it for the short term.

Tom

will

From: Thomas Wysmuller [(QI@) <mailto [(JIE) ]

Sent: Saturday, May 19, 2018 3:40 AM
To: William Happer
Cc: Bridenstine James; Singer S. Fred
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Subject: Re: Daily on Energy, presented by GAIN: Rift grows in GOP over climate change ... Greens celebrate
Endangered Species Day

Hi, Wil:
No real “insight,” but here’s my short reaction to a Newsweek piece - same subject - in the comments at the end.

< http://www.newsweek.com/climate-change-skeptic-bridenstine-tells-nasa-he-believes-human-caused-global-931585
>

He’s entered a hornets nest without a smoke pot and | hope will methodically let the NASA “hive” settle down. There is
much to do there, major mission critical work in fact, and having a climate oriented disruption during his first month is
not in his, or the nation’s, best interest. My guess is that he intelligently quickly read the “lay of the land” and is acting
accordingly.

| do intend to eventually see Jim Bridenstine at some time in the next month or so, but well after the NY climate

conference where Il be with N X! weck.

On another issue, Fred Singer was going to collaborate with me on an article he was putting together for the WSJ, but
for some reason went at it on his own. According to a phone conversation | had with Fred earlier tonight, the WSJ
severely edited it, and the usual suspects are jumping all over it, to Fred’s dismay.

Best to you, Wil, and | hope you don’t mind the ccs!

Tom

PS No bccs

On May 18, 2018, at 11:05 PM, William Happer SEIEGTGEEEEE <- 't > > vote:
Dear Tom,

Do you have any insight about the remarks attributed to Bridenstine below?

will

Begin forwarded message:

From: Washington Examiner <news@washingtonexaminer.com <mailto:news@washingtonexaminer.com> >

Subject: Daily on Energy, presented by GAIN: Rift grows in GOP over climate change ... Greens celebrate
Endangered Species Day

Date: May 18, 2018 at 12:39:42 PM PDT
To: fl§ @rangemagazine.com <mailtdgfgrangemagazine.com> >
Reply-To: Washington Examiner <news@washingtonexaminer.com <mailto:news@washingtonexaminer.com> >

Washington Examiner's Daily On Energy Newsletter View this as website <https://mediadc.us17.list-
manage.com/track/click?u=00b18e7544dd3ec267591c592&id=15523cada5&e=3264bae676>
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dod <http://central.washingtonexaminer.com/wex-doe/files/2018/05/original_doe-header.png>

SHARE: <https://mediadc.us17.list-
manage.com/track/click?u=00b18e7544dd3ec267591c592&id=8140a77712&e=3264bae676> Share on Facebook
<https://mediadc.us17.list-
manage.com/track/click?u=00b18e7544dd3ec267591c592&id=5b85b2e23c&e=3264bae676> Share on Twitter
<https://mediadc.us17.list-
manage.com/track/click?u=00b18e7544dd3ec267591c592&id=8dbfa697aa&e=3264bae676> Share on Google+

ADVERTISEMENT

<https://mediadc.us17.list-
manage.com/track/click?u=00b18e7544dd3ec267591¢c592&id=9bb7560ea7&e=3264bae676>
<http://inbox.washingtonexaminer.com/imp?s=277442&sz=1x1&li=&€§f§] @rangemagazine.com&p=8680e5ch0c>
<http://inbox.washingtonexaminer.com/imp?s=277443&sz=1x1&li=&€J§ @rangemagazine.com&p=8680e5ch0c>
<https://mediadc.us17.list-
manage.com/track/click?u=00b18e7544dd3ec267591c592&id=a629ebabf5&e=3264bae676>
<https://mediadc.us17.list-
manage.com/track/click?u=00b18e7544dd3ec267591c592&id=60a776a8b3&e=3264bae676>

SIGN UP! If you'd like to continue receiving Washington Examiner's Daily onEnergy newsletter, SUBSCRIBE HERE:
http://newsletters.washingtonexaminer.com/newsletter/ <https://mediadc.us17.list-
manage.com/track/click?u=00b18e7544dd3ec267591c592&id=bee9994ab3&e=3264bae676> daily-on-energy/

RIFT GROWS IN GOP OVER CLIMATE CHANGE: Republicans who support combating climate change were shaking
their heads Friday after a “wild day” during which members of the GOP expressed divergent views on the subject.

“Thursday was a wild day that shows us that most GOP representatives’ views on climate science are informed more
by their ideological commitments than empirical fact or careful study,” Joseph Majkut, director of climate policy at the
Niskanen Center, a free-market think tank, told Josh.

Rock and a hard place: Early Thursday, Rep. Mo Brooks, R-Ala., said that rocks falling into the ocean are causing sea
levels to rise, preaching climate denial during a hearing focused on technologies that can help address global
warming.

Brooks, a Tea Party Republican, said rocks from the California coastline and the White Cliffs of Dover tumble into the
sea every year, contributing to sea-level rise.

"Every time you have that soil or rock or whatever it is that is deposited into the seas, that forces the sea levels to rise,
because now you have less space in those oceans, because the bottom is moving up,” Brooks said from his perch on
the Science, Space and Technology Committee.

Steve Valk, director of communications of the Citizens’ Climate Lobby, a group focused on inspiring Republicans to
take climate action, called Brooks’ remark the “hand-slapping-forehead moment of the week.”

‘Put politics aside’: Later in the day, Rep. Carlos Curbelo, R-Fla, a moderate whose state is already feeling the effects
of sea level rise, boasted in an enthusiastic press release that the Climate Solutions Caucus that he heads had added

five new members, including three Republicans.

The new GOP entrants, Reps. Erik Paulsen of Minnesota, Peter Roskam of Illinois, and Tom MacArthur of New
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Jersey, bring the climate caucus membership to 78, half of whom are Republicans, showing that Congress can “put
politics aside” to combat climate change, Curbelo said.

‘Major way’: But politics surely affected the calculus of former House conservative lawmaker Jim Bridenstine of
Oklahoma, who expressed denial of humans’ role in climate change before becoming the new administrator of NASA
last month.

Now that he heads an agency that studies the changing climate, and doesn’t represent a conservative district in
Congress, Bridenstine is expressing new views.

"l fully believe and know that the climate is changing. | also know that we, human beings, are contributing to it in a
major way," Bridenstine told NASA employees at a town hall-style meeting Thursday.

Majkut and Valk hope the actions of Bridenstine and the Climate Solutions Caucus’ Republicans send a message to
other conservatives.

Patience please: “Low information beliefs are malleable,” Majkut said. “Look what happened with Mr. Bridenstine. As
soon as he started working with a bunch of experts down the hall, his rhetoric shifted substantially. | hope his
leadership demonstrates that one can fully embrace climate science, or even think climate change is bad, without
surrendering his membership in the Conservative movement.”

Added Valk: “Progress is being made. Patience will eventually be rewarded.”

This email was sent tdiJifjrangemagazine.com <mailtdjjangemagazine.com>

<https://mediadc.us17.list-
manage.com/about?u=00b18e7544dd3ec267591c592&id=3b3366c1c8&e=3264bae676&c=8680e5ch0c> why did |
get this? unsubscribe from this list <https://mediadc.us17.list-
manage.com/unsubscribe?u=00b18e7544dd3ec267591c592&id=3b3366c1c8&e=3264bae676&c=8680e5chb0c>
update subscription preferences <https://mediadc.us17.list-
manage.com/profile?u=00b18e7544dd3ec267591c592&id=3b3366c1c8&e=3264bae676>

MediaDC - 1152 15th St NW Ste 200 - Suite 200 - Washington, DC 20005-1799 - USA
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FW: NASA website

From: Happer, William EOP/NSC {<IIIIIIINGEEEEEEE -
To: 'i.morhard@nasa.gov' <j.morhard@nasa.gov>

Sent: February 26, 2019 9:53:18 AM EST

Received: February 26, 2019 9:53:21 AM EST

Dear James,

Notan Agency Record " thanks for the kind greeting from Jim Bridenstine.

Best wishes,

Will

Dr. William Happer

Deputy Assistant to the President

Senior Director for Emerging Technologies
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National Security Council

From: William Happer <FE -

Sent: Tuesday, February 26, 2019 6:54 AM

To: Happer, William EOP/NSC |G -

Subject: [EXTERNAL] Fw: NASA website

From: E

Sent: Tuesday, February 26, 2019 3:57 AM
To: William Happer

s |

Subject: NASA website

26th February 2019

Dear Will

It's been a while since we last communicated and I'm contacting you with reference to the NASA website and its
climate content for kids at: >https://climatekids.nasa.gov/menu/weather-and-climate/<
<>https:/climatekids.nasa.gov/menu/weather-and-climate/<>

And the main NASA climate site at: >https://climate.nasa.gov/evidence/< <>https:/climate.nasa.gov/evidence/<>

In Australia, many primary school teachers (and secondary) use the NASA website to teach about climate change and
most have very little science background so essentially the blind are leading the blind, trusting the accuracy of
information on climate provided by NASA.

Much of the material on both sites are biased, emotive and without any evidence. There are statements such as:
"Ninety-seven percent of climate scientists agree that climate-warming trends over the past century are very likely due
to human activities, and most of the leading scientific organizations worldwide have issued public statements
endorsing this position."

And: "The Maldives are vulnerable to sea level rise."

The site references the IPCC and Ben Santer as authorities, ignoring many facts that oppose the alarmism. I'm
concerned that many children are being indoctrinated by this bad science.

I have emailed the Site Editor Holly Shaftel and Site Manager Randal Jackson putting forward my constructive
criticism with evidence but received no reply. | have mailed a letter (yes - one with stamps!) to the NASA

administration and received no reply.

Are you able to give me any email addresses for personnel at NASA who might do something about this
misinformation that a trusting public will accept without question.

Many thanks and kind regards.

D
oc9 FW_ NASA website



P.S. | hope global warming isn't bringing too much snow to your area.
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Re: Feedback?
From: Thomas Wysmuller (1G]

To. o~~~ ———————

ce:
b6

Sent: March 5, 2019 12:20:55 AM EST

Received: March 5, 2019 12:21:13 AM EST

The progress made by our whole NASA TRCS group - and its growing reputation for excellence - never ceases to
amaze me!!l

PS a few bcces

On Mar 4, 2019, at 10:24 PM, [N <2 <> \rote:
Tom,

Thanks a lot for dropping your dime on Will's desk!

“By chance, Tom Wysmuller stopped by my office on Saturday,...”

| love it! You never cease to amaze me.

From: Hal Doiron [mailto G

Sent: 4 March, 2019 12:23 PM
e |
Co E <o - | C

Subject: Fw: Feedback?

FYI. | took my shot at getting involved with the Trump Administration's review of climate science that Dr. Will Happer is
heading up in his role as New Technology Adviser to John Bolton, the National Security Advisor.

Tom Wysmuller,

Thanks for suggesting Will Happer send me his paper for review. What have you learned about how he plans to
conduct the internal Administration review of the Anthropogenic Global Warming (AGW) threat?

Hal

Harold H. Doiron, PhD

Home/Ofc: EERN Ce'' EH
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----- Forwarded Message -----

From: Hal Doiron {IEEGEGE <- 't S - -

To: EE <o T - -

<maito ET - >

Co: ER <! - E- <o EER >
T < - N i R -

Sent: Monday, March 4, 2019 12:15:59 PM CST
Subject: Re: Feedback?

Will,

I am honored that you would want me to review your paper. | will get to it this week.

| am also very eager to get involved with the internal government review of climate science that newspaper reports
indicate you are organizing. As you know, | have been leading a NASA retiree independent assessment of the
Anthropogenic Global Warming (AGW) issue for the last 7 years. Our assessment of GHG climate sensitivity is
completed and we believe Transient Cilmate Response is bounded to the high side by 1.3C and Equilibrium Climate
Sensitivity is <1.6C. Our results are essentially the same as published by Lewis and Curry (2018) using similar data.

We derived a simple algebraic global mean surface temperature model from Conservation of Energy (Power in
W/m”2) considerations and validated it with HadCRUT4 global temp data and AR5 atmospheric GHG and aerosol
concentration history since 1850. Our analysis assumed the generally accepted reduction in IR flux leaving the
atmosphere for doubling CO2 concentration was 3.71 W/m”2, and that surface temperature would adjust to
compensate. We conservatively assumed that all observed HadCRUT4 global surface temperature increase since
1850 was due to rising atmospheric GHG and aerosol concentrations and none was due to a likely natural 1000 year
warming cycle that fits the Roman Warm Period, Medieval Warm Period AND Little ice Age surface temperature
variations, and that should peak out in about 2100.

The HadCRUT4 data and atmospheric GHG history allowed us to determine Transient Climate Response which was
an undetermined constant in our simple algebraic model that related surface temperature to atmospheric GHG
concentration. Our value for Transient Climate Response is < 1.3C including all climate feedbacks. The generally
accepted 1.1C warming value for surface temperature increase without climate feedbacks due to doubling CO2
concentration (ie. due only to the 3.71 W/m”2 reduction in outgoing IR flux). This proves with data that climate
feedbacks have at most, a small positive effect. When natural warming cycle effects in the temperature data are
considered, climate feedbacks could be negative, or stabilizing. At any rate, there is no cause for climate alarm and we
estimate <1C additional warming by 2100 (should be beneficial) due to burning all currently known world-wide
reserves of coal, oil and natural gas.

Best regards,

Hal Doiron

Sent from Yahoo Mail on Android<https://go.onelink.me/107872968?pid=InProduct
<https://urldefense.proofpoint.com/v2/url?u=https-3A__go.onelink.me_107872968-3Fpid-3DInProduct-26¢c-3DGlobal-
5FInternal-5FY Growth-5FAndroidEmailSig-5F-5FAndroidUsers-26af-5Fwl-3Dym-26af-5Fsubl1-3DInternal-26af-
5Fsub2-3DGlobal-5FY Growth-26af-5Fsub3-
3DEmailSignature&d=DwMFaQ&c=ApwzowJNAKKw3xye91w7BE1XMRKi2LN9kiMk5Csz9Zk&r=C0aKhYUsTOIgrOLD
D1nNo4vZ8GBmMPQV2uSrtXluXYU&m=fKrfmIX7VEb3VFRi3vzgP1DI2vqlGLYNOqqcfthZhFt4&s=xkOYMHioY leaVvwijh
w52F3c8XrbMFTPIwnoihBowDnk&e=>

&c=Global_Internal_YGrowth_AndroidEmailSig__ AndroidUsers&af_wl=ym&af_subl=Internal&af_sub2=Global_YGrow
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th&af _sub3=EmailSignature>

On Sun, Mar 3, 2019 at 8:28 PM, William Happer

T <o - > / 0'c

Dear Hal,

By chance, Tom Wysmuller stopped by my office on Saturday, and | showed him a copy of the attached draft paper

that SIS 2nc ' hope to finish soon. Tom urged me to send you a copy, even without asking
permission which | would normally do. If you have time to look it over and provide feedback on how to make it more

useful to a wider readership, [JSJjij and | would be very grateful.

We hope to publish the paper in a journal like Reviews of Modern Physics for readers who are not intimidated by
integral equations or quantum mechanics. But we also hope that it will be useful to smart readers without a lot of
mathematics background.

Key parts that require almost no math are Figs. 9-11, which show how little you change the infrared flux leaving the
Earth if you double the concentrations of CO2, N20 or CH4. Table 4 shows the correspondingly small temperature
changes needed to restore thermal equilibrium if you double the concentrations.

We would be very pleased to get some feedback.

Best wishes,

Will
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About This Executive Summaty

As a key partof the Fourth National Climate Assessment (NCA4), the U.S. Global Change
Research Program (USGCRP) oversaw the produgtion of this stand-alone report of the state of
science relating to climate change and its physical impacts,

The Climate Science Special Report (CSSR) is designed to be an authoritative assessment
of the science of climate chiange, with a focus on the United States, t0 serve as the founda-
tion for efforts to assess climate-related risks and inform decision-making about responses.
In accordance with this purpose, it does not include an assessment of literature:on climate:
change mitigation, adaptation, economic valuation, o1 societal responses, nor dees it in-
clude policy recommiendations.

As Volume 1 of NCA4, CSSR serves several purposes, includin g providing iyanupdated and
detailed analysis of the findings of how.climate change is affecting weatherand climate across
the United States; 2)an executive summary and 15 chapters that provide the basis for the dis-
cussion-of climate science found in the second volume of NCA4; and 3) foundational informa-
tion.and projections for climate change, including extremes; to improve “end-to-end” consisten-
cy insectoral, regional, and resilience analyses within the:second volume. CSSR integrates and
-evaluates the findings- on climate science and discusses the uncertainties associated with these
findings. It-analyzes current trends in climate change, both human-induced and natural, and
projects major trends to the end of this century. As an assessmenit and analysis of the science,
CSSR provides important input to the development of other parts of NCA4, and their primary’
focus on the human welfard, societal, economic and environmental elements of climate change.

Much of the underlying report is written ata level more appropriate for a scientific audience,
though the Executive Summary is intended to be accessible to a'broader audience,

Report Development, Review, and Approval Process

. The Naticnal Oceanic.and At’rno:spheric'Adminis'tr_a'tion (NQAA) serves as the administrative
lead agency for preparation of NCA4. The CSSR Federal Science Steering Committee (SSC)! has.
representatives from three agencies (NOAA, ihe National Aeronautics.and Space Administra-

tion [NASA], and the Department of Energy [DOED); USGCRP;2 and three Coordinating Lead
Authors, all of whom were Federal employees during development of this'report. Following
a public notice for author nominations in March 2016, the SSC selected the writing team, con-
sisting of scientists representing Federal agencies, national laboratories, universities, and the
private sector. ' i

A
lhe C3SR S5C was charged with oversceing the devidopment and production of the repori: 5$C membirship was tpen Lo 2ll USGCRP agengies.
Plhe USGCRYP is made vp of 13 Pederal deparimenits and agencies thal carry out. research and supperi the Natiun's respanse 10 global change. The
USGCRP is overseen by the Subcomimitice-on GlobaliChange Rescarch (SGCR) ol thie:-National Science aml- ‘Technology Councils Committer on
Envirorment, Natural Res ‘e5, and Sustainability [CENRS), whichin wrn isoverseen by thé White House Office of Science and "Techruolugy Fol-
-icy {OSTP). The agencies within USGCRP are the Department of Agricufiuse, the Deparimént of Commerce (NOAA), the Depaniaient of Defense,
‘the Department of Energy; the Deparsmeni of Health and Human Scrvicds, the Deparument of the fnexior, the Depariment of State, the Department
_of Transportatian, the EnvironmerialBrotection Agency, the National Acrvnautics anid Space Admsmistratton, the National Science Foundation, the
‘Smithsorian nstitation, and the US. Agensy for International Developmient. T




The first Lead Author Meeting was held:in Washington, DC, in April 2016, to refine the outline
contained in the SSC-endorsed prospecius and to make writing assignments. Over the course
6f 18 mionths before final publication, seven CSSR drafts were generated, with each successive
iteration—from zero- to sixth-order drafts—undergoing additional expert review, by the SSC
(multiple times), the USGCRP agencies (multiple times), the general public, and the National
Academies of Sciences, Engineering, and Medicine (NAS)." The final review and sign-off of
CSSR by the USGCRY agencies.occurred in August 2017 under the auspices of the Office of Sci-
ence and Technology Policy (OSTP); OSTP is responsible for the Federal clearance process prior
“to the final report produiction and publicrelease.

The Sustained National Climate Assessment

The Climate Science Special Report has been developed as part of the USGCRP's sustained Na-
tiomal Clitmate Assessment process. This process facilitates continuous and transparent partici-
pation of scientists and stakeholders across regions and sectors, enabling new information and
insights to be-assessed as they emerge. The Climate Science Special Report conducted a compre-
hensive assessment of the sciemnce underlying the changes occurring in Earth’s climate system,
wi't_h"a‘ :-;pe'ciai'f_ocus oni the United-States: '

Sources Used in this Report

Thie findings in this report are based'on a laige body. of scientific, peer-reviewed research, as
well as a number of other publicly- available sources, including well-established and: carefully:
evaluated observational and modeling datasets. The team of authors:carefully reviewed these
sources to-ensure a reliable assessment of the state of scientific understanding. Each source of -
information was determined o meet the four parts of the quality assurance guidance provid-
ed to authors {following the approach from the Third National Climate Assessment): 1) utility,
2) transparency and traceability, 3) objectivity, and 4)integrity and security. Report authors
assessed and synthesized information from peer-reviewed journal articles, technical reports pro-
dusced by Federal agencies, _e_;cienfifi_c_assessments-(suc-h as the rigorously-reviewed international
assessments from the Intergovernmental Panel on Climate Change), reports of the NASand its.
associated National Research Council, and various regional climate impact assessments, confer-
ence proceedings, and government statistics (such as population census and energy usage)-

“Author. responses s comments submitted as part of the Public Comment Period and'a USGCRP response 10 thy review conducted by NAS ¢an be
found o <science) l?,g_!bbhkhangelguvfddwn}oads:. ) )




Treatment of Unéertainties: Likelihoods, Confidence, and Risk Framing

“Throughout this report’s assessment of the scientific understanding of climate change, the au-
thors have assessed to the fullest extent possible the state-of-the-art understanding of the sci-
ence resulting from the information in t_he scientific literature to arrive at conclusions referred to
as Key Findings. The approach used to represent the extent of understanding represented in.the
Key Findings is done th rough two metrics:

Confidence in the validity of a finding based on'the type, amount, quality, strength, and
‘consistency of evidence (such as thechanistic understanding, theory, data, models, and
‘expert judgment); the skill, range, and consistéricy of model projections; and the degree of
agreement within the body of literature.

Likelilood, or probability of an effect or -im'paci' occurring, is based on measures of uncer-
tainty expressed probabilistically (based on the degree of understanding-or knowledge,
e.g. resulting from evaluating statistical analyses of observations or mode! resiilts or on
expert judgnent).

Assessments of confidence in the Key Findings are based on the expert judgment of the author
teain. Authors provide supporting evidence for each of the chapter’s Key Findings in the Trace-
able Accounts. Corifidence is expressed qualitatively and ranges from low confidence (incon-
clusive evidence or disagreement among experts) to very high confidence (strong eviderice and
high consensus) (see table on inside of back cover for the full range}. Confidence should not be
interpreted probabilistically, as itis distinet from statistical likelihood.

In this repott, likelihood is the chance of occurrence of an effect or impact based on measures of
uncertainty expressed probabilistically (based on Statistical_anal'ysis.of observations ot model
results or on expert judgment). The authors used expert judgment based on the synthesis of the
literature assessed to arrive at an estimation of the likelihood that a particular observed effect
was related to human contributions to climate change or thata particular impact will cccur
within the range of possible outcomes. Model uncertainty is an important contributor to uricer-
tainty in climate projections, and inéludes, but is not restricted to, the uncertainties introduced
by errors in the madel’s representation of the physical:and bio-geochemical processes affecting
the climate system as well as in the model’s response to external forcing.

Where it is considered justified to report the likelihood of particular impacts within the range of
possible outcomnes, this report takes a plain-language approach to expressing the expert judg:
ment of the chapter team, based on the best available evidence. For example, an outcome termed
“likely” has at least a 66% chance of occurring (a likelihood greater than about 2 of 3 chances); an
outcome termed “very likely,” at least a 90% chance {more than 9 out of 10 chances).
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Highlights of the U.5. Global Change Research Program
Climate Science Special Report

The climaté of the United States is strongly connected to-the changing global climate. The staterients.
below hightight past, current, and projected climate changes for the United States and the globe,

Giobal annually averaged surface air temperature has increased by about 1.8°F (1.0°C) over the fast 115
years (1501-2016). This period is now the warmestin the history of modern civilization. The last few
years have 2lso seen record-breaking, climate-related weather extremes, and the last three years.have

been the warmest years on record for the globe. These trends are éxpected to continue over climate
‘timéscales.

This assessiment concludes, based on extensive avidence, that it is extremely likely that human activi-
ties, especially emissions of greenhoiise gases, are the dominant cause of the observed warming
sifice the mid-20th century. For the warming over the last century, there is no convincing alternative
explanation supported by the extent of the observational evidence.

in addition to warming, many other aspects of global climate are changing, primarily in response to hu-
man activitiés. Thousands of studies conducted by researchers around the world have document-
ed changes in surface, atmospheric, and oceanic temperatures; melting glaclers; diminishing.
snow cover; shrinking sea ice; rising sea levels; ocean acidification; and increasing atmospheric
water vapor.

For'example, global average sea level has risen by about 7-8 inches since 1900, with almost half
{about 3 inches) of that rise occurring since 1993. Human-caused-climate change has made a substan-
tial contribution to this rise since 1900, contributing 10 @ rate-of rise that is greatér than during any
preceding century in.at least 2,800 years. Global sea level rise has a'irea'd_y affected the United States;
the incidence of daily tidal flooding is accelerating in more than 25 Atlantic and Guif Coast cities.

Global average sea levels are expected to continue to rise—by at least several inches in the next
15 years and by 1-4 feet by 2100.A rise of as much as 8 feet by 2100 cannot be ruted out. Sea level
rise will be higher than the global average on the East-and Gulf Coasts of the United States.

Changes in tha characteristics of extreme events are particularly important for human safety, infrastruc-

‘ture, agriculture, water quality-and quantity, and natural ecosystems. Heavy rainfall Is increasing in
intensity and frequency across the United States-and globally and is expected to continue to.in-
crease. The largest observed changes in the United States have occurred in the Northeast.
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Heatwaves have become more frequent in the United States since the 1960s, while extreme cold
t@n‘tpentures‘-hnd cold waves.are less frequent: Recent record-setting hot years are projected to be-
come common in the near future for the United States, as annual average temperatures continue to
rise. Annual average temperature over the contiguous’ United States has increased by 1.8°F (1:0°C) for
the period 1901-2016; over the next faw decades (2021-2050), annual average temperatures are:
expected to rise by about 2.5°F for the United States, relative to the recent past (average from
1976-2005), under all plausible future climate scenarios.

The incidence of large forest fires in'the western United States and Alaska has increased since
the early 1980s and is projected to further Increase in those regions as the climate changes, with
profound changes to regional.ecosystems. :

Annual trends toward earlter spring melt and reduced snowpack are already affecting water re-
sources in the western United States and these trendsare expected {0 continue, Under higher scenar-
i0s, and assuming no changg to current water resources management, chronic, long-duration hydro-
logical drought is increasingly possible before the end of this century.

The magnitude of dimate change beyond the next few decades will depend p‘rimarily on the
amount of greenhouse gases {especially carbon dioxide) emitted globally. Without major reduc-
tions in emissions, the increase-in annual average global temperatute relative to pre’industrial"time‘s
could reach 9°F (5°C) or more by the end of this century. With significant reductions in emissions, the
increase in annual avérage global temperature could be limited to 3.6°F (2°C) or less.

The global atmoipheric carbon dioxide (CO,) concentration has now passed 400 parts per miliion
{ppm), a level that last occurred about 3 million years ago, when both global average tempera-
ture and sea level were significantly higher than today. Continued growth in CO, emissions over this
century and beyond would lead to an atmospheric concentration not experienced in tens to hundreds
of millions of years. There is broad consensus that the further and the faster the Earth system is pushed
towards warming, the greater the risk of unanticipated changes and impacts, some of which are paten--
tially large and irreversible. '

The observed increase in carbon. émissians over the past 15-20 years has been consistant with higher
emissions pathways. In 2014 and 2015, emission growth rates slowed as econoniic growth became
fess carbon-intensive. Eveniif this slowing trend continues, however, it Is not yet at a rate that would
limit global average temperature change to well below 3.6°F (2"6) aboite-prein_dﬁstri_a_! levels.

Recommended Citation for the Full Report - :

USGCRP, 2017: Climate Scierice Special Report: Fourth Natiovial Climate Assessment, Volume |
[Wuebbles, D.J., D.W. Fahey, K.A. Hibbard, D.J. Dokken, B.C. Stewart, and T.K. Maycock {eds.)).
U.S. Global Change Research Program, Washington, DC, USA, 470 pp.
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a Executive
ummary

New observations and new research have increased our understanding of past, current, and fu-
ture climate change since the Third US. National Climate Assessment (NCA3) was published in
‘May 2014. This Climate Science Special Ré__pt_)rt {CSSR) is designed to capture that new-informa-
tion and build on the existing body of science in.order to summarize the current state of knowl-
edge and provide the scientific foundation for the Fourth National Climate Assessment (NCA4).

Since NCA3, stronger evidence has emerged for continuing, rapid,'human-_cause_d' warming of
the global atmosphere and ocean. This report concludes that “it is extremely likely that human
influence has been the dominant cause of the observed warming since the mid-20th century. For
the warming over the last.century, thereis no convincing alternative explanation supported by
the extent of the observational evidence.”

The last few years have also seen. record-—breaking, climate-related weather extremes, the three'
warmest years on record for the globe, and continued decline in‘arctic sea ice. These trends are
expected to continue: in the future over climate {multidecadal) timescales. Significant advances
have also been made in our understanding of extreme weatherevents and how they relate to
increasing global temperatures and associated climate changes. Since 1980, the cost of extreme
events for the United States has exceeded $1.1 trillion; therefore, better understanding of the.
frequency and sevetity of these events in the context of a changing climate is. warranted,

Periodically taking stock of the current siate of knowledge about climate change and putting
new weather exiremes, changes in sea ice, increases in ocean temperatures, and ocean acidifi-
cation into context ensures that ri’gomus, scientifically-based information is available to inform
dialogue and decisions at every level. This élimate science report serves as the climate science’
foundation of the NCA4 and is generally intended for those who have a technical background
in climate science: In this Executive Summary, gray boxes present highlights of the main report..
* These are followed by related points and selected figures providing more scientific details.
The summary material 6n-each topic presents the most salient points of chapter findings and
therefore represents only a subset of the report's content. For more details, the reader is referred
to the individual chapters. This report discusses climate trends and findings at several scales:
global, nationwide for the United States, and for.ten specific U.5: regions {shown in Figure 1 in
the Guide to the Report). A statement of scientific confidence also follows.each point in the Ex-
ecutive Summary. The confidence scale is described in the Guide to the Report. At the end of the
_ Executive Summary and.in Chapter 1: Qur Globally Changing Climate, there is-also.a summary
box. high‘l'igh'ti:ng_ the most notable advances and topics since NCA3 and since the 2013 -int_e_rgo.\r?
‘ernmental Panel on Climate Change (IPCC) Fifth Assessment Report.
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Global and U.S. Temperatures Continue to Rise

Long-térm temperature observations are among the most consistent and widespread evidence’
of a warming plariet. Temperature (and,. above all, its local averages and extremes) affects
agricultural productivity, enérgy use, human health, water resources, infrastructure, natural
ecosystems, and many other essential aspects of society and the natural environment. Recent
data add to the weight of evidence for rapid global-scale warming; the dominance of human
causes, and the expected continuation of increasing temperatures, including' more record-set-:
ting extremes. (Ch. 1)

Changesin Observed and Projected Giobal Temperature

The global, long-term, and unambiguous wamming trend has continued during recantyears. Sincethe
last National Climate Assessment was puibiishad, 2014 became the warmest year on record globatly;
2075 surpassed 201 4 by a wide margin; and 2016 surpassed 2015. Sixteen of the warmast years on
recond for the globe occurredin the last 17 years (1998 was the exception). (Ch, 1; Fig. 5.1)

¢ Clobal annual average temperature. {as calculated from instrumental records  over both
land and oceans) has increased by more than 1.2°F (0.65°C) for the period 1986-2016 rel-
ative to 1901-1960; the linear regression change over the entire period from 1901-2016
is 1.8°F (1.0°C) (very high confidence; Fig. ES1). Longer:term climate records over past
centuries and millennia indicate that average temperatures in recent decades over
much of the world have been much higher, and have risen faster during this time peri-
od than at' any time in the past 1,700 years-or more, the time period for which the glob-
al distribution of surface temperatures can be reconstructed (high. confidence). (Ch. 1).

Global Temperatures Continue to Rise

Gilobal Land and Qoean Tempersture Anomaliss Surface Temperature. Change
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Figure ES.1: (Isft) Global annual average temperature has increased by more than 1.2°F (0,7°C) for the period 1986

2016 relative to 1901=1960. Red bars show temparatures that ware ahove the 1901-1960 averags, and blue bars

indicate temparalures below the average. {right) Surface temperature change (in °FY for tha period. 18852018 reletive
to 18011960, Gray indicates missing data. From Figures1.2.and 1.3 in Chapler 1. ’
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» Many lines of evidence demonstrate that it i§ extremely likely that human influence has been
the dominant cause of the observed warming since the mid-20th century: Over the last cen-
tury, there are no convincing aiternative explanations supported by the extent of the obser-
vational evidence. Solar output changes and ‘internal natural variability can only contribute
marginally to the obsérved changes in climate over the last century, and there is no convincing
evidence for natural cycleés in the ob‘servati_on_al record that eould e_xplain--the-dbserved.-chang-

es in.climate. (Very high confidence) {Ch. 1)

" The'likely range of the human contribution to the global mean temperature increase over

the-period 1951-2010 is 1.1° to 14°F (0.6° to 0.8°C), anid the central estimate of the observed

watming of 1.2°F (0.65°C) lies within this range (high confidence). This translates to a likety

human contribution of 9247,-123% of the observed 19512010 change. The likely contributions:

of natural forcing and internal variability. to global temperature change over that period are
minor (frigh confidence). (Ch. 3; Fig. ES.2)

+  Natural variability, including E} Nifio events and other recurring, patterns of ocean-atmo-
sphere interactions, impact temperature and precipitation, especially regionally, over times-
cales of months to years. ‘The global influence of natural variability, however, is limited to a
small fraction of observed climate trends over decades. (Very high confidence) (Ch. 1)

Human Activities Are the Primary Driver of Recent Global Temperature Rise
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Figure £5.2: Global annual average radiative farcing changafrom 1750 to 2011 dué to human activities, changes in total solar

iragiance, and volcanic emissions. Black bars indicate the uncertainty in éach, Radiative forcing is a maasura of the influence
a factor (such as greenhouse gas emissions) has in changing the glebal balanca of inconming and outgoing energy. Radiative
fordings greater than zaro (positive forcings) produce dlimste varming; forcings less than zero {negative forcings) produice

glimata cocting. Over this time period, Sofar forcing has oscillated on approximataly an 11-year cycie between ~0.11 and +0.19

Wir?, Radiative forcing due 16 volcanic emissions is always negative {cocting) and can be very large immediately following
sigrificant efuptions butis short-ived. Over the industrial era, the largest voicanic forcing followad the-eruption of Mt. Tamitora
in 1815 (~11.6 Wim?): This forcing deciined to ~4.5 Wim? in 1816, and to near-zera by. 1820, Forging due 10 human activities,
in contrast, has becoming incsasingly positive (warming) Since about 1870, and has grown atan accelerated rate since about
4870. There are aiso natural variations in temperature and other clmiate variables which operate’on annual to decads) time-
scales. This natural varisbility contributes very iittle to clifiate.rends over decades and longer. Simplified from Figure- 2.6 in
Chapler 2. See Chapter 2 for more defails. - ' ’ '
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Executive Summary | Climate Science Special Repoit

' Clobal climate-is projected to continue. to change over this century and beyond. The magni-
tude of climate change beyond the next few decades will-d_epen_d_ primarily on the amount of

greenhouse (heat-trapping) gases.emitted globally and on.the remaining uncertainty in the

sensitivity of Earth’s climate to those ernissions (very high confidence). With significant reduc-
tions in the emissions of greenhouse gases, the global annually averaged temperature. rise

could be limited to 3.6°F (2°C) or less. Without major reductions in these emissions, the in-

crease in annual average global temperatures relative to preindustrial times could reach 9°F
(5°C) or niore by the'end of this.century. (Ch. 1; Fig. ES3)

If greenhouse gas concentrations were stabilized at their current level, existing concentrations
would commit the world to at least an additicnal 1.1°F (O.G"Cj of warmi_ng-dv_er this century
relative to the last few-decades (high confidence in continued warming, medium confidence in
amount of warraing. (Ch. 4) '

FoirthNational Cimate Assessment, Volume - ) L6
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Scenarios Used in this Assessment

Projections of future dlimate conditions use a range of plausible future scenarios, Consistent with previous
practice, this-assessment relies on scenarios generated for the intergovernmental Panel on Climate Change
(PCC). The IPCC completed its last assessment in 2013-2014, and its projections were based .on updated sce-

natios, namely four ‘representative concentration pathways"_(RCPs}_.'_The*RCP scenarios are numbered accord-

Ing to changes in radiative forcing in 2100 relative to preindustrial conditions: +2.6, +4.5, +6.0 and +8.5 watts
per square meter (W/m?, Radiative forcing is a measure of the Influence a factor {such as greégnhause gas

emissions) has in changing the global balanice of incoming and cutgoing energy. Absorption by greenhouse .

gases {GHGs} of infrared energy radiated from the surface leads to warming of the surface and atmosphere.
Though multiple emissions pathiways could lead 1o the same 2100 radiative forcing value, an associatéd path-
way of CO, and other human-caused emissions of greenhousé gases, aerosols, and air pollutants has been
selected for each RCP. RCP8.5 impligs future with continued high emissions growth, whereas the other RCPs

represent different pathways of mitigating ‘emissions. Figure £5.3 shows thase efriissions pathways and the

corresponding prajected changes in global temperature.

Greater Emissions Lead to Significantly More Warming

Projected Annual o L
Global Garbon Emissions . Projected Global Temperatures
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Figure ES.3: The two panels above show annual historical and a range of plausible fturd carbon emisgions in’
units of gigatons of carbon (GtC) per year {tefi) and the historical ohserved and future lemparaiure change that
wouild result for a range of future scenarios refative to the 1901-1960 average, based on the central estimate
(tines) and & range (shaded areas, two standard doviaions) as simulated by the full suite of CMIP5 global
cliinate modals (ight). By 2081-2100, the projected range in global mean temperature changs is 1.1°~4.3°F

* under the aven lower scenario (RCP2.8: 0.6°-2.4°C, green), 2:.4°-5.9°F under the lower scinafio (RCP4.5;
1.3°-3.3°C, bluie), 3.0°~6.8°F undar the mid-high scenario (RCPE.0; 1.6°-3.8°C, not shown) and 5.0°-10.2°F
under the higher scanario (RCPB.5; 2.8°-5.7°C, orange). See the. main report for more defails on these sce-
narios and imptications. Based on Figure4.1 in Chapter 4. ' '
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Changes in Observed and Projected U.S. Temperature

'Mnmﬂmr&ge.wnmmmmmmm.mm-hmdw1ﬂiﬂ;mw_m _
pubd-'mt.-:oismm-mwa_mm-mﬁa.{vwmmm;. {Ch. 6; Fig. E5.4}

¢ * Annual average temperature . over the contiguous Uriited States has increased by 1.2°F (0.7°C)

for the period 1986-2016 relative to 1901-1960 and by 1.8°F (1.0°C) based ona linear regres-
sion for the period 1901-2016 (very high confidence). ‘Surface and satellife data are consistenit
in their depiction of rapid warming since. 1979 (high confidence). Paleo-temperature evidence
shows that recent decades are the warmest of the past 1,500 years (medium confiderice). (Ch. 6}

Annual average temperature over the contiguous United States is projected to rise (very high
confidence). Increases of about 2.5°F (1.4°C) are projected for the period 2021-2050 relative to
the average from 1976-2005 in all RCP scenarios, implying recent record-setting years may-
be “common” in the next few decades (high confidence). Much larger rises are projected by
late century. (2071-2100): 2.8°-7.3°F (1.6°-4.1°C) in'a lower scenario (RCP4.5)and 5.8°-11.9°F
(3:2°-6.6°C) in a higher scenario (RCP8.5) (high confidence). (Ch. 6; Fig. ES.4)

. In the United States, the urban heat island effect results in daytime t‘empéra.tures 0.9°-7.2°F

(0:5°-4.0°C) higher and nighttime temperatures 1.8°- 4.5°F (1.0°-2.5°C) highet.in urban areas
than in rural areas, with larger-temperature differences in ‘humid regions {primarily in. the
eastern United States) and in ¢ities with larger and denser populations. The urban heat island
effect will strengthen in the future as. the structure and spatial exterit-as well as population
density of urban areas change and grow (kigh confidence). (Ch. 10) :
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Significantly More Warming Oceurs Under
Higher Greenhouse Gas Concentration Scenarios

- Mid 21st"C'entur5;
Lower Scenario (RCP4.5) fio (RCP8.5}
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‘Figuie ES.4: These maps_.snow-the-projected chianges in annual average temperatures for mid- and late-21st century
for two Tuture pathways. Changes are the differences batween the average projected temperatures for mid-century
(2038-2065; top), and late-cantury (20702099, botiom}, and those observed for the. near-present (1676-2005). Sea
Figure-ﬁ.'?-'in ‘Chapter 6 for mors- details. - '

Many Temperature and Precipitation Extremes Are Becoming More Common
Temperature and precipitation extremes can affect water quality and avatlability, agricultural
productivity, human health, vital infrastructure, iconic ecosystems and species, and the like-
liliood of disasters. Some extremes have already become more frequent, intense, or of longer
duration, and many extremes are expected to confinue to increase or worsen, presenting sub-
stantial challenges for built, agricultural, and natural systems, Sorme storm types such as hurri-
canes, tormadoes, and winter storms are also exhibiting changes that have been linked to ¢litnate
change, although the current state of the science-does not yet perm‘it_detailed understanding.
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Observed.Changes in Extremas

There hive been marked changss in temparature extremaes across the contiguous United States.
température records (Very high confidence) (Ch. 6, Fig. ES.5)

s The frequency of cold waves has decreased since the early 19005, and the frequency of heat
waves has increased since the mid-1960s (the Dust Bowl era of the 1930s remains the peak

period for extreme heat in the United States), (Very hiyh confidence). (Ch. 6)

o The frequency and intensity of extreme heat and heavy precipitation events are increasing in
most continental regions of the world (ven( high confidence), These trends are consistent with
expected physical responses to a warming climate. Climate model studies are aiso consistent
with these trends, although models tenid to underestimate the observed trends, especially for
the increase in extreme precipitation events (very high confidence for temperature, high confi-
denge forextreme precipitation). (Ch. 1) '

Record Warm Daily Temperatures Are Occurring More Often

i)
b

| More Daily Record Highs
i More Daily Record Lows:

@
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Raitio of Daily Temperature Records
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Year-

Figure ES.5: Observed changes inthe occurrencs of record-setting daily temperatures in the contigiious United States.
Red bars indicate a year with more daily retord-highs than daily record lows; while biue bars indicate a year with more
record lows then highs. The height of the bar indicates the ratio of record highs to lows: (red) or of record lows to highs.
{blue} For examgle, a fatio of 2.1 for a blue bar means that there were twice as many record dally lows as daily record
highs.that year. (Figure source: NOANNCEI} From F:gure 6:5in Chapter 6.
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Heavy precipltation events in most parts of the United States have incressed in both Intensity and
frequancy since 1901 mm«)maumimpmmgmmmmmmm _
'mmmmmmmmmmmmmmﬂdmm (ch.7;Pig E58)

Extreme Precipitation Has Increased Across. Much of the United States

5-yr Maximum Daily Precipitation 89th Percentile Precipitation
c,--q " (1901-—2016} - {1988-20186)

'..-!.

Number of 5-yr, 2 Day Events Numberof S-yr, 2 Day Events

(18012016} ?; (1958-2016)

Change (%)

<0 0-9 1019 20-29 30-39 40+

Figure £8.6: These maps show the percentage change in several matrics of extraine precipitation by NCA4 region,
including {upperieft) the maximum daily precipitation in consscutive B-yearparicds; (uppar fight) the amount of pracipi:
tation falling in daily events that exceed the 88th percentile of-all non-zero precipitation days (top 1% of afl daily precipi-
tation events), (lower left) the. number of 2-day evénts with & precipitation totai exceading the largest 2-day.amaount that
. “is.expectsd to ocour, on average, only onte every 5 years, as calculated over 18012015, and (fower.right) the number

of 2-day events with a precipitation totat exceeding the largast 2-tay amount that is expected 1o oocur, on average, only
ance every 5 years, as calculated over 19582018, The number in each black circle js-the percent change over the
entira period, either 19012016 or 1958-2016. Note that Alaska and Hawai‘i are not included in theé 1801-2016 rhaps
gwing 1o-a lack-of obsarvations in the garlier pait of the 20th century. (F:gure source: CICS-NC / NOAA NCE). Based
on figure’ 7i4.in Chapter 7
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Recent droughts and associated heat waves have reached record mtem,zty in some' regions
of the United States; however; by geographical scale and duration, the Dust Bowl era of the
19304 remains the benchmark drought and extreme heat event in the historical record. (Very

high confidence) (Ch. 8)

Northern Hemisphere spring snow cover extent, North America maximum snow depth_

snow water equivalent in the western Un ited States, and extreme snowfall years in the south-

em and western United States have all declined, while extreme sniowfall years in parts of the
northern United States have increased. {Mcd:mu_mqﬁdence) {Ch.7)

There has been a trend toward earlier snowimelt and a decrea'-.e in snowstorm frequency
on the southern margins of climatologically snowy areas: (médium confidence). Winter storm
tracks have shifted northward since 1950 over the Northem Hemisphere (medium confidence).
Potential linkages between the frequency and intensity of severe winter storms in the United
States and accelerated warming in the Arctic have' been postulated, but they are complex, and,
to some extent, contested, and confidence in the connection is currently low. (Ch. 9}

Tornado actw:ty in the United States has becorne more variable, particularly over the 2000s,
with a decrease in the number of days per year with tornadoes and an increase in the number
of tornadoes on these.days (medium confidence). Confidence in past trends for hail and severe
thunderstorm winds, However, is low (Ch. 9) :

Projected Changes in Extremes’

The frequency and intensity of extreme high temperature events are virtuglly cerlain to increase in
the future as global temperature increases (High co:gﬁdence) Extreme precipitation events will very
'hke!y continueé to,increase in frequency and intensity throughout most of the-world {frigh confidence).
‘Observed and projected trends for some other types of extreme events; such as floods, droughts,
anid severe storms, have more varidble regional characteristics. (Ch. 1)

Extrame temperatures in the contiguous United States are projected to increase even more than
‘average temperatures (very high confidenca). (Ch. 6}

Both extremely cold days and extremely warm days are expected to become warmer. Cold
waves are predicted to become less intense while heat waves will become more intense. The
number of days below freezing is projected.to decline while the number above 90°F will rise,

(Very high contfidence) (Ch. 6).

The frequency and intensity of heavy precipitation events in the United States are projected
to continue to increase over the 21st century (high confidence). There ate; however, import-
ant regional and seasonal differences in projected changes in total precipitation: the northern
United States, including Alaska, is projected to receive more precipitation in the winter and
spring, and parts of the southwestern United States are projected to receive less precipitation
in the winter and spring (medium confidence). (Ch. 7)
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» The frequency and severity of landfalling “atrnospheric rivers” on the U.S. West Coast (nar-
row-streams of moisture that account for 30%—40% of the typical snowpack and annual pre-
cipitation in the region and are associated with severe flooding events) will increase as a result
of increasing evaporation-and resulting higher atmosphetic water vapor that occurs with in-

creasing’_temp_eratu_re..{Medium confiderice) {Ch. 9}

. Projections' indicate large declines in snowpack in the western United S’taiés‘and shifts to
" more precipitation falling as rain than snow in the cold season in many parts of the central
and eastern United States (high confidence). (Ch. 7}

+ Substantial reductions in western U.S. winter and spring snowpack are projected as the cli-
mate warms. Eatlier spring melt and teduced snow ‘water equivalent have been formally
attributed to human-induced warming (high confidence) and will very Iii_cely"be_ exacerbated as
the climate continues to warm (very fiigh conifidence). Under higher scenarios; and assuming no
chanige to curtent water resources manageﬁ'lent-, chronic, long-duration hydrological drougkit

is increasingly possible by the end of this century.(very high confidence). (Ch. 8)

Future decreases n surface soll molsture from human activities over most of the United States are
flikely as the ciimate warms undar the Mghummmmﬁdmm(ﬂu. 8)

o The human effect on recent major. U.S. droughts is complicated. Little evidence is found for
a human‘influenceon observed precipitation deficits, but much evidence is found for a hu-
man influence on surface soil moisture deficits due toincreased evapotranspiration caused by
higher temperatuires. (High confidence) (Ch. 8) ' ‘

» Theincidence of large forest firesin the western United States and Alaska has increased since
thie early 1980s {high confidence) and is projected to further increase in those tegions as the cli-
mnate warms, with profound changes to certain ecosystems (medium confidence), (Ch. 8)

= Both physics and numerical modeling simulations -'generaily indicate an increase in tropical
cyclone intensity in'a warmer world, and the models generally show an increase in the num-
‘ber of very intense tropical cyclones. For Atlantic and eastern North Pacific hurricanes and
western North Pacific typhoons, increases are projected in precipitation rates (figh confidetice)
and intensity (medium confidence). The frequency. of the most intense of these storms is pro-
jected to increase in the Aflantic and western North Pacific {low confidence) and in the eastern
North Pacific (medium confidence). (Ch. 9)- '
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Box ES.1: The Connected Climate System: Distant Changes Affectthe

‘United -States

Weather- conditions and the ways they vary across regions. and-over the course of the year are influenced,
in the United Statés as elsewhere, by a range of factors, including local conditions (such as topography and

\urban heat islands), global trends (sisch as human-caused warmirig), ard global and regional circulation pat-

terns, including. cyclical and chaotic patterns of natural variability within the climate system For example;
during an EI Nifio year, winters across the southwastern Urited States are typically wetter than average, and

global temperatures are higher than avefage. During a La Nifta year, conditions across the southwastern Unit=

ed States are typically dry,and there tends to be 3 lowering of global temperatures {Fig. ES.7).

El Nifio is not the only repeating pattern of natural variability in the.climate system. Other Important patterns in-
clude the North Atlantic Osciflation (NAOY/Northern Annidlar Mode (NAM), which particularly affects conditions

af the .S, East Coast, and the North Pacific Osclllatson (NPO) and Pacific North American Pattern {PHA), which

especially affect conditions in Alaska and the U.S. West Coast: These patterns.are ‘closely linked to other atmo-
spheric circulation phenomena like the position of the jet strearms. Changes in the occurrence of these pattems
or their properties have: contributed to recent U.S. temperature and precipitation trends {medjum confidence)
although confidence is low regarding the size of the role of human activities in these changes. {Ch. 5]

Understanding the full scope-of human impacts on-climate raquires a-global focus because of the mtercon-
nected nature of the climate system. For examplé; the climate of the Arctic and the climate of the continerital

United States are.connacted through atmospheric circulation patterns. While the: Arctic may: seem remote to
most Americans, the climatic effects of perturbations toarctic seaice, land ice, surface temperature, SROW cov-

&r, and permafrast affect the amount of warming, sea level change, carbon cycie impacts, and potentially even
weather patterns in the lower 48 states. The Arctic is warming at aate approximately twice as fast as the glob-

al average and, if it continues to warm at the same rate, Septembers will be: reatly ice-freein the Arctic Ocean

sometime between now and the 2040s (see Fig. ES.10). The important influence of arctic cimate change on

Alaska Is apparent; the influence of arctic changes on US. weather over the coming decades remains an open
‘question with the potential for significant impact. (Ch. 11}

Changes in the Tropics can also-impact the rest of the giobe, inchuding the United States, There is growing
evidence that the Tropics have expanded poleward. by about 70 to 200 miles in each hemisphare over the

period 1979-2009; withan accompanying shift of the subtropical dry zones, midlatitude jets, and storm tracks
(riedium to high confidence), Human activities have played 2 rolein the change (medium confidence), atthough
confidence is presently low regarding the magnitude of the human contribution relative to natural variability
{Ch. 5)

(continued on next page)
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‘Box ES.1 (continued)

Large-Scale Patterns of Natural .
Variability Affect U.S. Climate :

Typical E! Nifto Winters

Extended Pacific jet oy .

-Btrearm, anighitied
siofr track

Typical La Nifa Winters

Figum ES.7: This figure ilustrates the typical January-March wesather anomalies and atmospheric Girculation
during moderate to strang {top) El Nifio and (bottorn) La Nifa. These influences averthe United States often ocour
most stmngly during the cold season. From Figure 5.2 in Chapter 5.
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Oceans Are Rising, Warming, and Becoming More Acidic
Oceans occupy two-thitds of the planet's surface.and: host unique ecosystems and species, in-
cluding those important for global commercial and subsistence fishing. Understanding climate

jmpacts on the ocean and the ocean’s feedbacks to the climate system is critical for a compre-
‘hensive understanding of current and future changes in climate. '

Glo_ba'! Ocean Heat

mmﬁm_mhm_awmsa%ufﬂnmhmmbymmmmmﬁ
sincathe mid-20thcentury, _,mﬂhmmwm__md_amnggwmdugmmldm feadbacks.
Vary high confidence) {(Ch. 13)

s  Ocean heat content has increased at all depths since the 1960s and surface waters have warmed
by about 1.3° + 0.1°F (0.7° + 0.08°C) per century globally since 1900 to 2016. Under higher
scenarios, a global increase in average sea surface temperature of 4.9° 1.3°F{2.7° £ 0.7°C) is
projected by 2100. (Very high confidence). {Ch. 13) '

Global and Regional Sea Level Rise

Global mean sea level (GMSL) has risen by about 7-8 Inches {abotit 16-21 cm) since 1900, with about-
3 of thosa inches (about 7 cm) occurring since 1993 (very high confidence). (Ch. 12}

. Hgman‘-c'aused'_cl imate change has made a substaniial contribution to GMSL rise since 190¢
{high confidence), contributing toa rate of rise that is greater than during any preceding centu-
1y in at least 2,800 years (medium confidence). (Ch. 12; Fig. ES.8)

« Relative to the year 2000, GMSL is very likely to rise by 0.3-0.6 feet (3-18 cm) by 2030, 0.5-12
feet (15-38 cm) by 2050, and 1.0-4.3 feet (30-130 cr) by 2100 (very high confidence in low-
&r bounds; medium corfidence in upper bounds for 2030 and 2050; lowr confidence in upper
bounds for 2100). Future emissions ‘pathways have little effect on projected GMSL rise in the
first half of the century, but significantly affect. projections for the second ‘half of the century
{high confidence). (Ch. 12) : '
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Recent-Sea L'evei Rise Fastest for Over 2,000 Years

Sea Levet {feet)

‘Global Mean

~500 0 500 1000 2000

Year (CE}

—_—

Global mean sea teve! (feet)
S Ky & oen oo

1800 1850 1900 1950 2000 2050 2108

Figure ES.8: The iop panal shows obsefved and reconstructed mean sea level for the last 2,500 years. The bottom
panel shows projécted mean sea| level for six future scenarios. The Six scenarios—spanning a renge dasigned to inform
& variety of decision makers—extend from a low scenario, consistent with- continuation of the fate of sea leve) rise over
. the last quarter century, lo-an éxtreme scenalio; assuming. rapid mass loss fram the Antarctic ice sheet, Note that the
range on- the verticalaxis in the bottorm graph is approximately len times greater than in the top graph, Basadon Figure
122 and 124 in cnapfar 12. See the main report for morg details..

+ Emergirig science regarding Antarctic ice sheet stability suggests that, for higher scenarios, a
GMSL rise exceeding 8 feet (2.4 m)by 2100 is physically possible, although the probability of
such an extreme outcome cannot currently be assessed. Regardless of emission pathway, itis
extremely likely that GMSL rise will continue beyond 2100 (high confidence). (Ch. 12)

* Relative sea level rise in this century will vary along U.5. coastlines due, in part, to-changes in
Earth’s gravitational field and rotation from melting of land ice, changes in ocean circulation,
and vertical land motion (very high confidence). For almost all future GMSL, rise scenarios, rel-
ative sea level rise is likély to be greater than the global average in the U.S. Northeast and the

western Gulf of Mexico, In intermediate and low GMSL rise scenarios, relative sea level rise is
likely to be less thari the glabal average in much of the Pacific Northwest and Alaska. For high:

GMSL rise scenarios, relative sea level rise is likely to be higher than-the global average along
all US: coastlines outside Alaska. Alimost-all U.S. coastlines experience more than global mean
sea level rise in response to Antarctic ice loss,.and thus would be particularly affected under ex-
tréme GMSL vise sceriarios involving substantial Antarctic mass loss (h‘igh'ccnfidencé).-(_C‘h. 12)
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Coastal Flooding

o  As sea levels have risen, the number of tidal floods each year that cause minor impacts (also
called “nuisance floods™) have increased 5- to 10-fold since the 1960s in several U.S. coastal
cities (very high confidence). Rates of increase ave accelerating in over 25 Atlantic and Gulf
Coast cities (very high confidence). Tidal flooding will continue increasing in depth, frequency,
and extent this century (very high confidence). (Ch. 12)

“Nuisance Flooding” Increases Across the United States

MENRCPSS MEMRCPAS SNERCPZ6 BERTrend
Charieston, SC

365
300

200

100

365 ‘San Frantisco, CA
300

Minor Tidal Fl_dods’_(Das’qs‘fY ear).

200 -

100

1680 1980 2000 202¢ 2040 2060 2080 2100
Flgure ES. 9: Annual occurrences of tidal floods: (days per year), also called sunny-day Qr nuisance. ﬂocding kave
increased for some U.S. coastal cities. The figure shows historical exceedances (arange bars) for two of the locations—
Gharteston, SC and'San Francisco, CA—and future pro;ecttons through 2100. The grojecticng are based upon the-con-
tinuation of the histarical trend (blue} and under mediarn RCP2.8, 4.5 and 8.5 conditions. From Figure 12.5, Chapler 12

» Assuming storm characteristics do not change, sea level rise will increase the frequency and
extent of extreme flooding associated with coastal storms, such as hurricanes and nor’easters
(very high confidence). A projected increase in the mtenqrty of hurricanes in the North Atlan-
tic (medium confidence) could increase the probab:l:ty of extreme flooding along most of the
U.S. Atlantic and Gulf Coast states beyorid what would be projected based solely on relative
sea level rise. However, there is low confidence int the projected increase in frequency of in-

fense Atlantlc hurricanes, and the associated flood risk amplrficatmn, and flood effects could
be offset or amplified by such factors, such as changes in overall storm frequency or tracks,
(Ch.12; Fig. ES.9).

Global Ocean Circulation

« The potential siowing of the Atlantic meridional overturning circulation {AMOC:; of which
the Gulf Stream is one component)—as a result of increasing ocean heat content and fresh-
water-driven buoyancy changes—could have dramatic climate feedbacks as the ocean ab-
sorbs less heat arid CO; from the atmosphere. This slowing would also affect the climates of
North America and Europe. Any slowing documiented to date cannot be directly tied to hu-
man-caused forcnng, primarily-due to lack of adequate observational data-and to challenges
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in modetling ocean circulation changes; Under a higher scenario (RCP8.5), models show that

the AMOC weakens.over the 21st century (low confidence). (Ch. 13)
Global and Regional Ocean Acidification.
mmﬁmsmcmynwmmm:wﬁﬂwt%mm“dwm

annually from human activities, making them more acidic (very high confidence), with potential

s Higher:latitude systems typically have a lower buffering capacity against changing acidity,

exhibiting _seasonally.corroSi\te_.cond_itiOns sooner 'than.low-latim_d_e systems..--’l‘he rate of acid-
ification is unparalleled in at least the past 66 million years (medium confidence). Under the

higher scenario (RCP8.5), the global average surface ocean acidity is projected to increase by

100% to 150%. (high confidence), (Ch. 13)

Acidification is regionally greater than the global average along U.S. coastal systems as: a

result of upwelling (e.g., in the Pacific Northwest) (righ confidence), changes in freshwater

inputs (e:g. in the Gulf of Maine) (medium confidence); and nutrient input {e.g., in urbanized
estuaries) (high confidence). {Ch. 13)

Ocean Oxygen

Increasing sea surface temperatures, rising séa levels, and.changing patterns of precipitation,
winds, nutrients, and ocean circulation are contributing to overall declining oxygen concen-
trations at intermediate depths in various ocean. locations and in°many coastal areas. Over
the last half century, major oxygen losses have occurred in-inland-seas, estuaries, and in the
coastal and open ocean (high confidence). Ocean oxygen levels are projected to decrease by as

-much as 3.5% under the higher scenario (RCP8.5) by 2100 relative to preindustrial values (high

confidence). (Ch. 13)

Climate Change in Alaska and across the Arctic Continues to. Outpace Global Climate
Change

Residents of Alaska are on the front lines of climate change. Crumbling buildings, roads, and
bridges and eroding shorelines are commonplaie. Accelerated melting of multiyear sea ice
cové__t, mass loss from the Greenland Ice Sheet, reduced snow.cover, and permafrost thawing
are stark examples of the rapid.changes otcurring in. the Arctic, Furthermore, because elements
of the climate systern are interconnected (see Box ES.1), changes ity the Arctic influence climate
conditions outside the Arctic. ' '
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Arctic Temperature Increases.

Mwmmﬁumw«mmmmmmm&mmumdm
mmmmaammmmufm“umgwwwmn(mm
confidence) (Ch. 11}

» Rising Alaskan permafrost temperatures are causing permafrost to thaw and become mare’
discontinuous; this process releases additional carbon dioxide and methane resulting in ad--
ditional warming (kigh confiderice). The overall magnitude of the permafrost-carbon feedback
is uncertain (Ch.2); however, it is clear that these emissions have the potentlal to compromise
the ability to limit global femperature increases. (Ch. 11) :

¢ Atmaspheric circulation patterns connect the climates of the Arctic and the contiguous United
States. Evidenced by recent récord warm temperatures in the Arctic.and emerging science,
the midlatitude circulation has influenced observed arctic temperatures and sea ice (figh con-
fidence). However, confidence is low regarding whether or by what mechanisms observed
arctic warming may have influenced the midlatitude circulation and weather patterns over
the continental United States. The influence of arctic changes on U.5. weather over the coming:
decades remains an open question with the potential for significant impact. (Ch. 11)

Arctic Land ice Loss

* Arctic land ice Joss observed in the'}ast-three-decadés comtinués, in some cases accelerating
(very high confidence). 1t is virtually certain that Alaska glaciers have lost mass over the last 50
years, with each yearsince 1984 showing an annual average ice mass less than the previous

year.. Over the satellite record, average ice mass loss from Greenland was —269 Gt per year
between April 2002 and April 2016 accelerating in recent yeats {(high confidence). (Ch..11)

Arctic SealceLoss

Sinca the sarly 19803, annual average arctkc sea ice has dacransed in extent between 3.5% and 4.1%
per decade, has become thinner by batwaen 4.3 and 7.5 feet, aid s meiting at least 15 mora days
eachyear. wmmmmmmwmm 15.9% per decade. (Vary high
mnﬁdnwe} {€h. 11}

» Arcticsea ice loss is expected to continue through the 21st cenfury, very likely resulting in near-
ly sea ice-free late summers by the 2040s.(very high confidence). (Ch. 11)

o Itis very likely that human activities have contributed to observed arctic surface temperature
warming; sea ice loss, glacier mass 088, and northern hemisphiere snow extenit decline (high-
confidence). (Ch. 11)

Foearsiy Natieas Clonate Sasessment volorg 20




CHRTale SO e SR UA st | Exetu:tive S_IJI'ﬂ_mﬁI'Y

‘Multiyear Sea Ice Has Declined Dramatically
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Figure ES.10: September séa ice extent and age shown for (top) 1984 and (middle) 2016, illustrating significant re-
ductions in sea ice extent and age(thickness). The bar graph in the lower right of each panet illustrates the sea ice
“area {unit: miilion km?) covered within sach age category {> 1 year}, and the: green bars represent the maximum extent
for each age range during the record. The year 1984 is representative of September sea ice charadteristics during the
1980s. The years 1084 and.2016 are seléctad as endpoints in-the time series; a movie of the onrnplele time serigs is
available at hitp://avs. gsfc. nasa.govicgi-bin/details.cgi?aid=4489. (bottom) The satellite-era arclic séa ice areal extent
trend from 1979 to 2046 for September (umt millicn mi%). From Figure 11.1 in Chapler 11,
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Limiting Globally Averaged Warming to.2°C (3.6°F) Will Require Major Reductions in
Emissions '

Hurnan activities are now the dominant cause of the observed trerids in climate. For’ that reason,

future climate projections are based ‘on scenarios of how human activities will continue to affect
the climate over the remainder of this century and beyond (see Sidebar: Scenarios Used in this.

Assessment). There remains significant uncertainty about future emissions due to changmg

econentic, political, and demographic factors. For that reason, this report quantifies posslble
climate changes for a broad set of plausible future scenarios through the erid of the century: (Ch.

2, 4,10, 14)

-with higher scenarios {a.g., RCP8.5) (very high confidence). in 2014 and 2015, emission growth rates

slowed as economic growth became less carbon-intensive (medium confidence). Even if this siowing

trend continues; hiowever, it is not yat at a rate that would fimit the increase In the global average
‘temperature to well below 3.6°F (2°C) above preindustrial levels {figh confidence). (Ch. 4)

Global mean atmospheric carbon dioxide (CO;) concentration has now passed 400 ppm, a lev-
el that last occurred about 3 million years ago, when global average temperature and sea level
were significantly higher than today (high confiderice). Continued growth in CO, emissions
.over_this_'century and beyond would lead to an atmospheric concentration not éxperienced in
tens of millions-of years (medium confiderice). The present-day emissions rate of nearly 10 GtC
per yearsuggests that there is no climate analog for this.century any time in-at least the last 50
million years {(medium confidence). (:(-Zh. 4}

Warming and associated climate effects from CO, emissions persist for decades to millen-
nia. In the near-term, changes in climate are determined by past and present greenhouse gas
emissions modified by natural variability. Reducing net-emissions of CO, is nécessary to limit
‘near-térm climate change and long-term warming. Other greenhouse gases (e.g., methane)
and black carbon aercsols exert stronger warming effects than CO; on a per ton basis, but
they do not persist as long in the atmosphere (Ch. 2); therefore, mitigation of non-CO: species
contribules substantiaily to neat-term cooling benefits buit cannot be relied upon for ultimate
stabilization goa]s (Very high confidence) (Ch. 14)

holces made todey will determine the of climate change risks. \d the next few
decades. (Ch, 4, 14)

Stabilizing global mean temperatute to less than 3.6°F {2°C) above preindustrial levels requires
substantial reductionsin net global CO; ernissions prior to 2040 relative to present-day. values and
likely vequires net ernissions to become zero or possibly negative later in the century. After ac-
counting for the: temperature effects of non-CO, species, cumulative global CO, emissions must
‘stay below. abouit 800 GIC in order to provide a two-thirds: likelihood of preventing 3.6°F (2°C) of
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warming. Given estimated curiulative emissions since 1870, no more than approximately 230 GtC.

may be emitted in the future in order to remain under this temperature limit: Assuming. global
emissions are equal to or greater than those consistent with the RCP4.5 scenario, this cumulative

carbon threshold would be exceeded in approximately two decades. (Ch. 14)

Achieving global greenhouse gas emissions reductions before 2030 consistent with targets
and actions announced by gévernments in the lead up to the 2015 Paris climate conference

would hold open the possibility of meeting the long-term temperature goal of limiting glob-
al warming to 3,6°F (2°C) above preindustrial levels, whereas there would bé virtually no
chance if net global emissions followed a pathway well above those imptied by country an-

nouncements. Actions in the announcements are, by themselves, insufficient to meet a 3.6°F.

(2"(2 } goal; the likelihood of achieving that depends etrongly on the magnitude of global emis-
sions reductions after 2030, (High confidence) (Ch. 14).

Climate intervention or geoengineering strategies such as solar radiation management are

rieasures that attempt to limit or reduce jg‘lob;a_l'te_rri perature increases. Further assessments.

of the technical feasibilities, costs, risks, co-benefits, and governance challenges of climate
intervention or geoengineering strategies, which are as yet unproven at scale, are a riecessary
step before judgments about the benefits and risks of these approaches can be made with high
cqrifidéncé..(’High confidence) (Ch. 14}

In recent decades, land-use and land-cover changes have turhed the terrestrial 'hio‘sphere (s0il
and plants) into a net “sink” for carbon {drawing down catbon from the atmosphere), and
this sink has steadily increased since 1980 (high confidence). Because of the uncertainty in the
trajectory of land cover, the possibility of the land becoming a net carbon source cannot be
excluded (very high.confidence). (Ch. 10)

“There is a Significant Possibility for Unanticipated Changes

Humianity’s effect on the Earth system, through the l'a;}ge-.scaie-cam5usti0n;bf‘_fossﬂ fuels and

widespread deforestation and the resulting release of carbon dioxide (CO,) into the atmosphere,
as well as through emissions of other greerthouse gases and radiatively active substances from
‘human activities; is unprecedented. There is-s'i_gnif'icant potential for humanity’s effect on the

planeét to result in unanticipated surprisesand a broad consensus that the furtherand faster the

Earth systém is pushéd towards warring, the greater, the risk of sich-surprises..

There are at least two types of potential surprises: compound events, where multiple extreme cli-
mate events occur simultaneously or: %quent:ally {creating greater overall impact), and critical
threshold or tipping point events, whete some threshold is crossed in the climate system (that leads

to large impacts). The probability of such surprises—some of which may be abrupt and /or

irreversible—as well as other more predictable but diffic‘ult—to.-manage. impacts, incredses as the
influence of human activities on the climate system increases. (Ch, 15)
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Unanticipated and difficult or iammible-to—mnmgedwsgu in the dimate system are possible
throughout the next century as critical thresholds are crossed and/or muitiple climate-ielated

* Positive feedbacks (self-reinforcing cycles) within the climate ‘system have the potential to

accelerate human-induced climate change and even shift the Earth’s climate system, in part
or in whiole, into new states that are very different from those experienced in the receni past
(for example, ones with greatly diminished ice sheets or different la rge-scale patterns of at-
mosphere or ocean circulation). Some feedbacks and potential state shifts can be modeled and”
quantified; others can be modeled oridentified but not quantified; and some are probably still
unknown. (Very. high.confidence in the potential for state shifts and in the incompleteness of
knowledge about feedbacks and potential state shifts). {Ch. 15)

The physical and socioeconomic impacts of compound extreme events {such as simultaneous
heat and drought, wildfires associated with hot and dry conditions, or flooding associated
with high precipitation on top of sriow or waterlogged ground) can be greater than the sum
of the parts (very high confidence). Few analyses consider the spatial or temporal correlation
between extreme events. (Ch. 15)

While climate models incorperate important climate processes that can be well quantified,
they do not includeall of the processes that can contribute to feedbacks (Ch 2}, compound ex-

- treme events, and abrupt and / or irreversible changes: For this reason, future. changes outside

the range projected by climate models cannot be ruled out. (very high conﬁdence) Moreover, the
systematic tendency of climate models to underestimate temperature. change during warm
paleoclimates suggests that climate models are more likely to underéstimate than to overesti-
mate the amount of long-term future change (medium confidence). (Ch. 15)
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Box ES.2: A Summary of Advances Since NCA3

Advances in scientific understanding and scientific approach; as well as developments in global poficy, have
occurred since NCA3. A detailed surmary of these advandes can be found at the end of Chapter 1: OurGlob-
ally Changing Climate, Highlights of what aspects are either especially strengthened or are emerging In the
current findings include '
Datection and attribution: Significant advarices have been madein the attribution of the human influence
for individual climate and weather extreme events since NCA3. (Chapters 3,6, 7, 8).

Atmospheric circulation and extreme events: The extent to which atmospheric circulation in the midlatic'
tudes is-changing ot is projected to change, possibly in ways not captured by current tlimate models, is a
new important area of research. (Chapters 5; 6, 7).

Increased understanding of specific types.of extreme events: How climate. change may affect specific
types of extreme évents in the United States is.another key area where scientific understanding has ad-

vanced, (Chapter9).

‘High-resolution global climate mode! simulations: As coriputing resources have grown, muitidecadal
simulations of global climate models are now being conducted at horizontal resclutions onthe order of 15
miles (25 km) that provide more realistic characterization of intense weather systems, including hurricanes,
{Chapter’ 9.

Oceans and coostal waters: Ocean acidification, ‘warming, and oxygen loss are all increasing, and scientific
undarstanding of the severity of their impacts is growing. Both oxygen loss and acidification may be mag-
nified in some U.S. coastal waters. relative to the global average, raising the risk of setious ecoiogical and

economic consequences. {Chapters 2, 13)

‘Local sealevel change projections: For the first timia in-the NCA process, sea level rise profections incorpo-
rate geographic variation based on factors suich-as local land subsidence, ocean currents, and changes In
Earth’s gravitational field. (Chapter12).

Accelerated ice-sheet loss: New observations from many different sources confirm that ice-shest loss is-
accelerating. Combining observations with simultaneous advances in the physical understanding of ice
sheets leads to the conclusion that up to 8.5 féet of global sea !evel fise i is possible by 2100 under a higher
scenario (RCP8.5), up from 6.6 feet in NCA3, (Chapter 12).

Low sea-ite areal exterit: The:annual arctic sea ice extent minimum for 2016 relative to the long-term re-
cord was the second lowest on record. The arctic sea ice minimuems in 2014 and 2015 were also amongst
the lowest on record. Since 1981, the sea ice minimum has decreased by 13.3% per decade, more than 46%
over the 35 years. The. annual arctic sea ice maxlmum in-March 2017 was the lowest maxifmum areal- extent
an record; (Chapter 11).

Potential surprises: Both large-scale state shiftsin the climate system (sometimes cailed "tipping paints”}
and compound extremes have the potential to generate: unanticipated climate surprises, The furthet the
Earth system departs from’ historical climate forcings, and the more the climate changes, the greater the
_ potentlai for these surprises. (Chapter 15).

Mitigation: This report discusses some fmportarit aspects of climate sclence that are re[evant to long-term

‘temperature goals and different mitigation scenarios; including those implied by government announce-

‘ments for the Paris Agreement.. (Chapters 4, 14).
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Confidence Level | leehhood

ey Hiph

Strong evidance {established
theoty, muitiple sources, consisient-
‘Testiits, well documented and
accapted mathods, ete. ), high

95%-100%

Maderm evidence: {sevml SIURG-
" es, some consistency, methods 3
vary andfor dodumentation fimited, 80%-100%

T

‘Suggestiva evidence {a few sourc-
es, limited consistency, models.
atc.).-campain_g schools.of thought 33-%-68?6.
L ’ . _U:n ety
Inconclusive evidence (limited .-
sources, extrapolations, inconsis 0%-33%
tent findings, pour documentation Very idike iy
andlor methods not tested, eic.), ’ ’
dmem o ack of opinions 0%-10%

Extrsniety Bniisly

0%-5%

Exzegtibinty Untikely

0%-1%

Confidence levels and liketihood statements used in the
Executive Summary. As an example, regarding “likely; a 66-
100% probability can be interpreted asa likelihood of great--
erthan 2 out of 3:chahces for the statement to be certain or
true. Not all likelihoods are used in the report.
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NCA4 Summary Findings

Summary Findings

These Summary Findings fe_prescnt"a high-level synthesis of the material in the underlying
report."l‘he'findin_gs consolidate Key Messages and. supporti_ng evidence from 15 national-level
topic chapters, 10 regional chapters, and 2 chapters that focus on societal response strategies

‘ '(miti”gation and a_dapta'tion_)_. Unless otherwise noted, qualitative statements regarding future
-conditions in these Summary Findings are broadly applicable across the range of different

Jevels of future climate change and associated impacts considered in this report.

1. Communittes

Climate change creates new risks and exacerbates existing vuinerabilities in communities across
the United States, presenting growing challenges to human heaith and safety, quality of life, and

the rate of economic growth.

The impacts of climate change are already
being felt in communities across the country.
More frequent and intense extreme weather
and climate-related events, as well as changes
in average climate conditions, are expected to
continue to damage infrastructure, ecosystems,
andsocial systems that provide essential ben-
efits to-communities. Future climate change
is expected to further disrupt many areas of
life, exacerbating existing challenges to pros-
perity posed by aging and deteriorating infra-
structure; stressed ecosystems, and economic.
inequality. Impacts within and across regions

will not be distributed equally. People who are
already vulnerable, including lower-income and
other marginalized communities, have lower
capacity to prepare for and cope with extreme

‘weather and climate-related e_'vents and are ex-

pected to experience greater impacts. Prioritiz-
ing adaptation actions for the most vulnerable
populations would contribute to a more equi-

table future within and across communities.

Global action to significantly cut greenhouse:
gas emissions can substantially reduce cli-
mate-related risks and increase opportunities
for these populations in the longer term.

Without substantial. and sustained global mitigation and- regional adaptation efforts, climate
change is expected to cause growing losses to-American infrastructure and property and impede
the rate of economic growth over this century.

in the absence of significant glebal mitigation
action and regional adaptation efforts, rising
temperatures; sea level rise, and changes in
extreme events are expected to increasingly
disrupt and damage critical infrastructure and
property, labor productivity, and the vitality
of our communities: Regional economies-and
industries that depend on natural resourc-

es and favorable climate conditions, such as

Glonal Change Resefah Progia

agriculture, tourism, and fisheries, are vulner-

able to the growing impacts of climate change.

Rising temperatiires are projected to reduce

the efficiency of power géneration while in-
creasing energy demands, resulting in higher
electricity costs. The impacts of climate change
beyond our borders are expected to increas-

ingly affect our trade and economy, including
import and export prices and U.S. businesses

Froarth Bational Chmite Asiesgney



with overseas operations and supply chains.
Some aspects of our economy may see slight
near-term improvements.in a-modestly warmer
world. However, the continued warriing that

is projected to occur without substantial and
sustained reductions in globat greenhouse gas.
emissions i§ expected to cause substantial net
damage to the U.5. economy throughout this

Summary.Findings

century, especially in the absence of increased
adaptation efforts. With continued growth-in ..

emissions at historic rates, annual losses in

‘'soime economic sectors are projected 1o reach
hundreds of billions-of dollars by.the end of the

century—more than the current gross domestic:
product (GDP) of many U.S. states.

3. Interconnected Impacts

Climate change affects the natural, built, and social systems we rely on individually and through
their connections to one another, These interconnected systems are increasingly vulnerable to
cascading impacts that are often difficult to predict, threatening essential services within and

beyond the Nation's borders.

Climate change presents added risks to inter-
connected systems that are alréady exposed
to 2 range of stressors'such as aging and de-
teriorating infrastructure, land-use changes,
and population growth. Extreme weather and
climate-related impacts on one system can re-
sult in increased risks or failures in other crit-
jcal systems, including water resources, food
production and distribution, energy and trans-
portation, pubtic kealth, international trade,
and national security. The full extent of climate
change risks 1o interconnected systems, many.

of whicti span regional and national boundaries,
is often greater than the sum of risks to individ~
ual sectors, Failure to anticipate interconnected
impacts can.lead to missed opportunities for
effectively managing the risks of climate change
and ¢an also lead to management responses
that.increase risks to other sectors and regions.
Joint planning with stakeholders across sec~
tors, regions, and jurisdictions .can‘-.heip_' identify
critical risks arising from interaction among
systems ahead of time. '

4. Actions to Bedute Risks:

Future risks from climate change depend
primarily on decisions made today. The inte-
gration of climate rigk into decision-making -
and the implementation of adaptation activities
have significantly increased since the Third
National Climate Assessment in 2014, including

W ok Change Rostaich Fang am.
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Communities, governments, and businesses are working to reduce risks from and costs asso:
ciated with climate change by taking action to lowet greenhouse gas emissions and implement
adaptation strategies. While mitigation and adaptation efforts have expanded substantially in
the last four years, they do not yet approach the scale considered necessary to avoid substantial
damages to.the economy, environment, and human health over the coming decades.

in areas of financial risk reporting, capital in-
vestment planning, development of engineering
standards, military planning, and disaster risk
management. Transformations in the ener-

. gy sector—including the displacement of coal

by natural gas and increased deployment of
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renewable energy—along with policy actions

at the national, regional, state, and Jocal lev-~

els are reducing greenhouse gas emissions in.
the United States. While these adaptation and
mitigation measures can help reduce damages
in a number of sectors, this assessment shows
that more immediate and substantial global
greenhouse gas emissions reductions; as well as
regional adaptation efforts, would be needed to

Summary Findings

avoid the most severe consequences in the long.
term. Mitigation and adaptation actions also "
presenit opportunities for additional benefits
that are often more immediate and localized,
such as improving local air quality and econ-

omies through investments in infrastructure.

Some benefits, such as restoring ecosystems
and increasing community vitality, may be

harder to quantify.

The quality and guantity of water available foruse by people and ecosystems across the. country
are being affected by climate change, increasing risks and costs to agriculture, energy production,
industry, récreation; and the environment.

Rising air and water temperatures and chang-
es.in precipitation are intensifying droughts,
increasing heavy downpours, reducing snow-
pack, and causing declines in surface water
quality, with varying impacts across regions.
Future warming will add to the stress on water
supplies and adversely impact the availability
of water in parts of the United States. Changes-
in the relative amounts and timing of snow and
rainfali are leading to mismatches between wa-
ter availability and needs in some regions, pos-
ing threats to, for example, the future reliability
of hydropower production in the Southwest
and the Northwest. Groundwater depletion is
‘exacerbating drought risk in many parts of the

- United States, particularly in the Southwest and

Southern Great Plains. Dependable and safe

water supplies for U.S, Caribbean, Hawai'i, and
U.S.-Affiliated Pacific Island commiunities are
threatened by drought, flooding, and saltwater
contamination due to sea level rise. Most U.S.
power plants rely on a steady supply of water:

for cooling, and operations are expected tobe

affected by changes in water availability and

temperature increases. Aging and deteriorating

water infrastructure, typicaily designed for past.

environmental conditions, compounds the cli-
riate risk faced by society. Water management

strategies that account fdr-éh‘ang’ing-cli_mate
conditions can help reduce present and future
risks to water security, but implemeritation of

such practices remains limited.

impacts from climate change on extreme weather and 'clim'ate'-rél'a!ed avents, air quality, and the
transmission of disease through insects and pests, food, and water increasingly threaten the
health and well-being.of the American people; particularty poputatlons that are-already vulnerabile.

Changes in temperature and precipitation are’
increasing air guality and heaith risks from
wildfire and ground-level ozone pollution.
Rising air and water temperatures and more

L5 Global Change Resedrch Proyram

intense extréeme events are expected to’in-

crease exposure to waterborne and foodborne
diseases, affecting food and water safety. With
continued warming, cold-related deaths.are
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proiected to decrease and heat-related deaths
" are projected to increase; in.most regions,
increases in heat-related deaths are expected
‘to outpace reductionsin cold-related deaths.
The frequency and severity of allergic ill-
nesses, including asthma and hay fever, are
expected to increase as a resuit of a changing
climate. Climate change is also projected to
alter the geographic range and distribution of
disease-carrying insects and pests, exposing
more people to ticks that carry Lyme disease
and mosquitoes that transmit viruses such
as Zika, West Nile, and dengue, with varying
impacts across regions. Comrnunities in the:
Southeast, for example, are particularly vul-
nerable to the combined health impacts from

7. indigenous Peoples

Summary Findings

vector-borne disease, heat, and flooding. Ex-
treme weather and climate-related evernts ¢an

“have lasting mental health consequences in af-
fected communities, particularly if they resuit

in degradation of livelihoods or community

‘relocation. Populations including older adults,
children, low-income communities, and some
communities of color are often dispropor-.

tionately affected by, and less resilient to, the
health impacts of climate change, Adaptation

.and mitigation policies and programs that help -

individuais, communities, and states prepare
for the risks of a changing climate reduce the
number of injuries, illnesses, and deaths from

climate-related health outcoines.

Climate-change increasingly. threatens Indigenous communities' livelihoods, _ecohamiési heaith,
and cultural identities by disrupting interconnected social, physical, and ecological systems,

Many Indigenous peoples are reliant on nat-
ural resources for their economic, cultural,
and physical well-being and are often unique--
ly affected by climate change. The impacts of
climate change on water, iand, coastal areas,
and other natural resources, as well as infra-
structure and related services, are expected to
increasingly disrupt Indigenous peoples’ liveli-

hoods and economies, including agriculture and

agroforestry, fishing, pecreation, and tourism.
Adverse impacts on subsisténce activities have.
already been observed. As climate changes con-
tinue, adverse impacts on culturally significant
species and resources are expected to result

in negativé physical and mental health effects.
Throughout the United States, climate-related

H.s - Global Change Begemih Froyram

impacts are causing some Indigenous peoples
to consider or actively pursue community re-
location as an adaptation strategy, presenting
challenges associated with maintaining cultural ,
and community continuity. While economic,

political, and infrastructure limitations may

affect these communities” ability to- adapt
tightly knit social and cultural networks present
opportunities to build comrunity capacity and
increase resitience. Many___lndlgenous_ peoples

-are 'taki'ng_s_t(_eps to-adapt to clinate change

impacts structured around self-détermination
and traditional knowledge, and some tribes are
purshing mitigation actions through develop-

ment of renewable energy on tribal lands.
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8. Ecosystems and Ecosystem Services

Ecosystems and the benefits they provide to society are being altered by climate change, and
these impacts are projected to continue. Without substantial and sustained reductions in globai
greenhouse gas emissions, transformative impacts on some ecosystems will occur; some coral
-reef and sea ice: ecosystems are already experiencing such transformational changes.

Many benefits provided by ecosystems and the
environment, such:as clean air and-water, pro-
tection from coastal fiooding; woad and fiber,
crop pollination, hunting and fishing, tourism,
cultura) identities, and more will continue to
be degraded by the impacts of climate change.
Increasing wildfire frequency, changes in insect
and disease outbreaks, and other stressars are
-expected to decrease the ability of US. for-
‘ests to support economic ac_ti_v'it_y,'-recre_at'io_n,.
and subsistence activities. Climate change has
already had observable impacts on biodiversity,
ecosystems, and the benefits they provide to
society. These impacts include the migration
of native species to new areas and the'spread
of invasive species. Such changes are project-
ed to continue, and without substantial and
sustained reductions in global greenhouse

gas emissions, extinctions and transformative

§. Agriculture and Food

1mp_acts,on some écosystems cannot be avoid-
ed in the long term. Valued aspects of regional
heritage and quality of life tied to ecosystems,

‘wildlife, and outdoor recreation will change

with the climate; and as a result, future gener-
ations can.expect.to experience. and interact
with the natural environment in ways that are
different from today. Adaptation strategies,
including prescribed burning to reduce fuel for
wildfire, creation of safe havens for important

species, and control of invasive species, are
being implemented to address emerging im-

pacts.of climate change. While some targeted

response actions are underway, many impacts,

including losses of unique coral réef and sea ice
ecosystems, tan only be'avoided by significant-
ly reducing global emissions of carbon dioxide

and other greenhouse gases.

price stability.

Climate change presents numerous c'hal!enges
to sustaining and enhancing crop produetivity,
livestoek health, and the economic vitality of
rural commiunities. While some regions (such
as the Northern Great Plains) may see con-
ditiong conducive to expandéd or alternative
crop productivity over the next few decades,
overall, yields from major U.S. crops are expect—
ed to decline as a consequence_of increasesin

5 Glonal Change fesearch Program

Rising temperatures, extreme heat, drought, wildfire on rangelands, and heavy downpours are
expected to increasingly disrupt agricultural productivity in the United States. Expected increas-
es in challenges to livestock health, declines in crop yields and quality, and changes in extreme
events in the United States and:abroad threaten rural livelihoods, sustainable food security, and

temperatures and possibly changes in water
availability, soil erosion, and disease and pest
outbreaks. Increases in temperatures during
the growing season in the Midwest are pro-
jected to be the largest contributing factor to
declines in the productivity of U.S. agriculture.
Projected increases in extreme heat conditions.
dre expected to lead to further heat stress for
livestock, which can result in large economic
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losses for producers. Climate change is-also ex-
pected to lead to large-scale shifts in the avail-
ability and prices of many agricultural products
across the world, with corresponding impacts.
on U.S. agriculturat producers and the U.S.
economy. These changes threaten futire gains
in commaodity crop production and put rural
livelihoods at risk. Numerous adaptation strate-

gies-are available to cope with-adverse impacts

10. Infrastluctme

Summary .F'i'ndings

of elimate variability and change on agricultural
production. These include altering what is pro-
duced, modifying the inputs used for produc-
tion, adopting new- technologies, and adjusting

management strategies. However, these strat-
égies have limits under sevére climate change
impacts and would require suffi¢ient long- and

short-term investment in changing practices.

Climate change and extreme weather events
are expected to increasingly disrupt our Na-
tion's energy and transportation systems,
threatening more frequent and longer-lasting
power outages, fue] shortages, and service
disruptions, with cascading impacts on oth-
er critical sectors. Infrastructure currently
designed for historical climate conditions is
more vulnerable to future weather extremes
and climate change. The continued increase in
the frequency and extent of high-tide floeding
due to sea level rise threatens.America's tril-
lion-dollar coastal property market and public
infrastructure, with cascading impacts to the
larger economy. In Alaska, rising temperatures
and erosion are causing damage to buildings
and coastal infrastructure that will be costly
to repair or replace, particularly in rural aress;
these. impacts are expected to grow without

L. Global Change Research Proaram

Our Nation's aging.and deteriorating mfrastructure is further stressed ‘by increases in heavy pre-
cipitation events; coastal flooding, heat, wildfires, and other extreme events, as well as changes
. to average precipitation snd temperature. Without adaptation, climate change will continue to de-
grade infrastructure performance over the rest of the century, with the potential for cascading im-
pacts’ that threaten oureconomy, hational security, essential sefvices, and heaith and well-being.

adaptation. Expected increases in the severity.
and frequeéncy of heavy precipitation events
will affect inland infrastructure in every region,
including access to roads, the viability of bridg-

es, and the safety of pipelines. Floodmg from

heavy rairfall, storm surge, and rising high tides
is expected to compound existing issues with

aginginfrastructure in the Northeast. Increased

drought risk will threaten oil.and gas drilling

and refining, as well as electricity generation

from power plants that rely on surface water
for cooling. Forward-looking infrastructure

design, planning, and operational measures and
standards can reduce exposure and vulnerabil-

ity to the impacts of climate change and reduce

energy use while providing additional near-
term benefits, including reductions in green-
house gas emissions,
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11. Oceans and Coasts

Sumimary Findings

Rising water temperatures, ocean acidification,
retreating arctic sea ice, sea level rise, high-tide
flooding; coastal erosion, higher storm surge,
and heavier precipitation events threaten our
oceans and coasts. These effects are projected
1o continue, putting ocean and marine species
at risk, decreasing the- productwlty of certain
figheries, and threatening communities that
tely on marineecosystems for livelihoods and
recreation, with particularimpacts on fishing

- communities in Hawai‘i and the U.S.-Affiliated .
Pacific Islands, the U.S. Caribbean, and the Gulf
of Mexico. Lasting damage to coastal property.
and infrastructure driven by sea level rise and
storm surge is expected to lead to financial
losses for individuals, businesses, and commu-
nities, with the Atlantic and Gulf Coasts facing
above-average risks. Impacts on coastal energy
and transportation infrastructure driven by sea
level rise and storm surge have the potential

12, Tourism and Recréation

Coastal communities and the ecosystems that support thern are increasingly threatened by the

~ impacts of climate change. Without significant reductions in global greenhouse gas emissions
and regional adaptation measures, many coastal regions will be transformed by the latter part of
this century, with 1mpacts affectlng other regions and sectors. Even in a future with lower green-
house gas emissions, many- communmes are expected to ‘suffer financial impacts.as chronic
high-tide flooding leads to higher costs’ and lower property values.

for cascading costs and disruptions across the
country. Even if significani emissions reduc-
tions. occur, many-of the effects from sea level
rise over this.century—and particularly through
mid-century—are already locked in due to his-
torical emissions, and many communities are

-already dealing with the consequences, Actions

to plan for and adapt t¢ more frequent, wide-
spread, and severe coastal flooding, suchas

-shoreline protection and conservation of coast-

al ecosystems, would decrease direct losses and
cascading impacts.on other sectors and parts

‘of the country. More than hatf of the damages

to coastal property are estimated to be avoid-
able through well-timed adaptation measures:
Substantial and sustained reductions in global

‘greenhouse gas emissions would also signifi-

cantly reduce projected risks to fisheries and

communities that rely on them..

Outdoor recreation, tourist ecanomies, and quality of life are reliant on benefits provided by-_'é,ur
natural environment that wili be degraded by the impacts of climate change in many ways.

Climate change poses risks to seasonal and
outdoor economiesin communities across the
United States, including impacts on economies
centered around coral reef-based recreation,
winter reécreation, and inland water-based
recreation. In turn, this affects the well-being
of the people who make their living supporting
these economies, including rural,.coastal, and
Indigenious communities. Projected increases

1% -Glotal Chanae ResearciyProgram

in wildfire smoke events are expected to impair

ouidoor recreational activities and vi’sib‘iiity_

in wildernéss-areas. Declines in gsnow and ice
cover caused by warmer winter teémperatures
are expected to negatively impact the winter
recreation industry in the Northwest, North=

‘ern Great Plains, and the Northeast. Some
fish, birds, and mammals are expected to shift
where they live as a result of climate ¢hange,
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Summary Findings

with implications for hunting, fishing, and other based around historical use of and interaction
wildlife-related activities. These and other cli-  with species or natural resources in many areas:
mate-related impacts are expected toresultin - areat risk. Proactive management strategies,
decreased tourism revenue in some places.and, such as the use of projected stream tempera-

for some communitiés, loss of identity. While tures to set priorities for fish conservation, car
SOMeE new opportunities may emerge from help reduce disruptions to tourist economies
these ecosystem changes, cultural identities and recreation.

and economic and recreational opportunities

i1 %, Gléhal Change Reseirsh Program 32 Foyrth Nateoil Clinats Azsescyibnt
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Environment and Climate Change

Global environmental and ecological degradation, as well as climate change; are likely to fuel competition
for resourtes, evonomic distress, and social discontent through 2019 and beyond. Chmate hazards such as
extreme weather; higher temperatures; droughts; floods, wildfires, storms, sea level rise, soil .
degradation, and acidifying oceans are intensifying, threatening infrastruchire, health, and water and
food sccurity. Irreversible damage to ecosystems and habitats will undermine the economic benefits
they provide, worsened by air, soil; water, and marine: pollution.

» Extreme weather events, many worsened by accelerating sea level rise, will particularly affect
urban coastal areas in South Asia, Southeast Asia, and the Western Hemisphere. Damage to
comnunication, ernergy, and transportation infrastructure could affect low-lying military bases,
inflict economiic costs, and cause human displacement and loss of life.

» Changes in the frequency and variability of heat waves, droughts, and floods-—combined with
poor. governance practices—are increasing water and food insecurity around the world,
increasing the risk of social unrest, migration, and interstate tension in countries suck as ‘Egypt,
’Ethmpla Traq, and Jordan.

o Diminishing Arctic sea ice may increase compennon—parncularly with Russia and China-—
over access to sea routes and natural resources. ‘Noretheless, Arctic states have maintained
mostly positive cooperation in the region through the Arctic Council and other multilateral
‘mechanisms, a trend we do not expect to change in the near term. Warmer: temperatures and
diminishing sea ice are reducing the high cost and risks of some commercial activities and are

attracting new players to the resource-rich region. In 2018; the minimim sea ice extent in the
Arctic was 25 percent below the 30—year average from 1980 to 2010,
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