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1. Global climate is changing, and
this Is apparent across the United
States in a wide range of

observations.



Ten Indicators of a Warming World
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Ihese two pages present the Key Messages fram the "Our Changing Clinate” chapter of <he full repaoet. Thay
perlain o Reoxt Firdings 2, Z, and 3, evdence 1o which appears on the olloving pepes

Global climate is changing and this change is apparent across a wide range of observations.
Ihe global warming of the past 50 years is primarily due to human activities. Global climate
is projected to continue ta change over this century and beyond. The magnitude of climate
change beyond the next few decades depends primarily on the amount of heat-trapping gases
emitted globally, and how sensitive the Earth's climate is to those emissions,

Temperature

LS, averape temperature has increasaed by 1,3°F to 1.9°F since record weenirg aegan

in 1835 most of this increase has occurred dnce 2oout 19700 The most recent decade
was the natlon’s warmest an record. Temperatures in the United States are expected (o
coantinue to rise, Berauza human-induced warming s superimposed on a3 naturally varying
climate, the tempesatures rise bas ool been, amld will nes be, unilesm or sinoeth scoass the
country o over time.

Extreme Weather
Thera have bean changes in same types of extreme waather auvents aver tas last
several decades, Hzat veaves have become more treguent and intense,
enpedally in the West, Cold waves have become lass lreguent and intanse
arress [ nalion, here hiave been regonel rendds in Moeeds and
droughts, Oroughts in the Sauthwest and heat waves everywhers
are projected to bacome more intense, and cold waves less
nterce everywhere,

Humicanes
The intendity, fraquency, and duration of Nerth Atlantie
Frricanes, as well as the freguency of the strongest
|Catepory 4 and 5] hurrcanes, have allincreasad
srne the early 1905 e relalive cantebulions

of human and natural causes to these incraz<es

ara stilluncartain, Hurricane-associated storm
ntensity and ranfall rates are projected o

werease as the climate canminues to warm

Severe Storms

Winter storms have increased in frequency
and mtensily since the 195Us, and Ui racks
hawe shifted northward over the United States.
Othar trands in savare starms, including the
wieraity and llequency of tormadors, hail, and
damaping thunderstorm winds, are uncertzin

and are being studied intensivety,

Precipitation
Average LS. preciptaticn bas mcreosed since 1500, but <ome arcas have
had inereases greater than the national average, anc some arcas have kad
decreasss, More winter and spring prec/aitation = projectec tor the northern
United Satas, and kass far the Southewest, aver this century.

Heavy Downpours

Heawvy downpours ara increzsinp rnationally, especially over the la<t thraa o
five cecades, Largest increases are im the Micwest and Northeast. Increases in
the freguency and inte nddty of extreme grocipitation events are grojected for
all U.5. regions.

Frost-free Season

I'he langth of the frost-frae saasen (and the correspending growing season) has
been ncreasing nationally since the 19305, with the largest increases occurring in
e wastar Uniled States, allpciing acasystoms and agzicullure. 4eross the United
States, the growing season is projected to continue to lenagthen,

Ice Melt

Rising temperatures are redud ng ice volume and surface

aextent on land, lakes, and ses, This less of e s

expred o contioue. The Arctic Qoean is sapeeted

to Decome aescentally ice free in cummer efore
mic-cantury,

Sea Level
Ulobal sess level has risen by sboul 8
mches zince reliable record keeping
bagamin 1880, It is projected ta rise
arother 1 to 4 feet by 2100.

Ocean Acidification
The oeeans are corrently absorbing abaut
3 quarter of the carbon dioxide emitted 1o
the stmesphers annually and are becoming
more acidic & a result, lzading to concems
abaut Intensifying Impacts on marke
HouAYsIRS. See page 60,
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CARBON DIOXIDE CONCENTRATION AT MAUNA LOA OBSERVATORY
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THE KEELING CURVE

Latest C02 reading
April 21, 2018

411.21 ppm

Carbon dioxide concentration at Mauna Loa Observatory
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Change from Average (°F)
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Sea Surface Temperature
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Arctic Sea Ice Decline

September 14, 1984 | - September 13, 2012

v

Sea Ice Concentration (percent)

I |
0 50 100

The retreat of sea ice has occurred faster than climate models had predicted. Image on left shows Arctic
minimum sea ice extent in 1984, which was about 2.59 million square miles, the average minimum extent
for 1979-2000. Image on right shows that the extent of sea ice had dropped to 1.32 million square miles at
the end of summer 2012. The dramatic loss of Arctic sea ice increases warming and has many other im-
pacts on the region. Marine mammals including polar bears and many seal species depend on sea ice for
nearly all aspects of their existence. Alaska Native coastal communities rely on sea ice for many reasons,
including its role as a buffer against coastal erosion from storms and as a platform for hunting. (Figure

source: NASA Earth Observatory 2012°).
nca2014.globalchange.gov
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5 0 Summer Arctic Sea Ice
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On the left is a photograph of Muir Glacier in Alaska taken on August 13, 1941; on the right, a photograph taken from the same
vantage point on August 31, 2004. Total glacial mass has declinad sharply around the globe, adding to sea level rise. (Left photo
by glaciologist William O. Field; right photo by geologist Bruce F. Molnia of the United States Geolcgical Survey.)
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Show cover extent change
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Observed Increases in Frost-Free Season

Change in Annual Number of Days
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1. Global climate is changing, and
this Is apparent across the United
States in a wide range of
observations. The global warming
of the past 50 years is primarily due
to human activities, predominantly
the burning of fossil fuels.
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Global Temperature Change (°F)
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Global mean temperature change

(°C relative to 1986-2005)
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Measurements of Surface Temperature
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Carbon Emissions in the Industrial Age
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o
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Oil used for transportation and coal used for electricity genera-
tion are the largest contributors to the rise in carbon dioxide that
is the primary driver of recent climate change.
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http://nca2014.globalchange.gov

Major North American Carbon Dioxide
sSources and Sinks
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Fossil Fuels | #

| Sinks Forestland Cropland

The release of carbon dioxide from fossil fuel burning in North America (shown here
for 2010) vastly exceeds the amount that is taken up and temporarily stored in forests,
crops, and other ecosystems (shown here is the annual average for 2000-2000).
(Figure source: King et al. 2012%).
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Observed U.S. Temperature Change
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Temperature Change (°F)

The colors on the map show temperature changes over the past 22 years (1991-2012)
compared to the 1901-1960 average for the contiguous U.S., and to the 1951-1980 aver-
age for Alaska and Hawai'i. The bars on the graph show the average temperature changes
for the U.S. by decade for 1901-2012 (relative to the 1901-1960 average). The far right bar
(2000s decade) includes 2011 and 2012. The period from 2001 to 2012 was warmer than
any previous decade in every region. (Figure source: NOAA NCDC / CICS-NC).



2. Some extreme weather and
climate events have increased In
recent decades, and new and
stronger evidence confirms that
some of these increases are related
to human activities.
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3. Human-induced climate
change iIs projected to
continue, and it will accelerate
significantly if global emissions
of heat-trapping gases
continue to Iincrease.

nca2014.globalchange.gov



http://nca2014.globalchange.gov

4. Impacts related to climate
change are already evident In
many sectors and are expected to
become increasingly disruptive
across the nation throughout this
century and beyond.
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5. Climate change threatens human
health and well-being in many ways,
Including through more extreme
weather events and wildfire, decreased
air quality, and diseases transmitted by
Insects, food, and water.
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6. Infrastructure is being damaged
by sea level rise, heavy
downpours, and extreme heat;
damages are projected to increase
with continued climate change.

nca2014.globalchange.gov



http://nca2014.globalchange.gov

Global mean sea level rise (m)

—_
N

© O o g
REN ()] Qo -]
l|ll||lll|lll|lllIIIIIIII

O
N

=
o

o Sum 2081-2100 relative to 1986-2005

Thermal expansion

Glaciers

Greenland ice sheet (including dynamical change)
Antarctic ice sheet (including dynamical change)
Land water storage

Greenland ice-sheet rapid dynamical change
Antarctic ice-sheet rapid dynamical change

A1B RCP2.6 RCP4.5 RCP6.0

RCP8.5
Ipcc.ch AR5 2014



http://ipcc.ch

Difference from 1990 (feet)

Sea Level

© o o o
N LW B O

(-
—

OL
01|
02|
03|
04,
05

1900

1920 1940 1960 1980 2000
Year

nca2014.globalchange.gov



http://nca2014.globalchange.gov

S N

&)

e S

N

i

N

Sea Level Change (feet)
w

—
—
Q_.
®
@
QO |
| G
«Q .
D .
O
m.
~ .
Q .
< -

0 Proxy Records

. = e e e WL L e e e e e e e e e e e e e e e e e e e e e e e e e e e ey e EEEEET. e s s e e s e e e s e e e e e ..

-1

Year

6.6 ft

4 ft

1800 1850 1900 1950 2000 2050 2100

nca2014.globalchange.gov



http://nca2014.globalchange.gov

Global mean sea level rise
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Observed U.S. Precipitation Change
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The colors on the map show annual total precipitation changes for 1991-2012 compared to the 1901-1960
average, and show wetter conditions in most areas. The bars on the graph show average precipitation dif-
ferences by decade for 1901-2012 (relative to the 1901-1960 average). The far right bar is for 2001-2012.
(Figure source: NOAANCDC / CICS-NC).



/. Water quality and water
supply reliability are
jeapardized by climate change
In a variety of ways that affect
ecosystems and livelihoods.
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(@) No Climate Change Effects (b) Climate Change Effects

Water Supply Sustainability Risk Index (2050) Water Supply Sustainability Risk Index (2050)
B Extreme (29) B Extreme (412)
B High (271) B High (608)
Moderate (821) Moderate (1192)
Low (2020) Low (929)
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8. Climate disruptions to
agriculture have been
Increasing and are projected
to become more severe over
this century.
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9. Climate change poses
particular threats to
Indigenous Peoples’ health,
well-being, and ways of life.
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10. Ecosystems and the benefits they
provide to society are being affected
by climate change. The capacity of
ecosystems to buffer the impacts of
extreme events like fires, floods, and

severe storms is being overwhelmed.
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11. Ocean waters are
becoming warmer and more
acidic, broadly affecting
ocean circulation, chemistry,
ecosystems, and marine life.
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12. Planning for adaptation (to address
and prepare for impacts) and
mitigation (to reduce future climate
change, for example by cutting
emissions) is becoming more
widespread, but current
Implementation efforts are insufficient
to avoid increasingly negative social,
environmental, and economic
consequences.
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