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Climate change (global warming) 1s happening.



Climate change (global warming) 1s happening.

Anyone who says it 1s not 1s knowingly
lying to you.



Humans are responsible for most of the climate
change we are seeing now and that will affect us
in the future.



Humans are responsible for most of the climate

change we are seeing now and that will affect us
in the future.

Anyone who says this 1s not the case is,
at best, uninformed by the overwhelming
scientific evidence. Many who say this 1s
not the case are knowingly lying.



Climate change will have important impacts.



Climate change will have (is having) important
impacts.

Anyone who says the impacts will be minor
(or even beneficial on the whole) 1s, at best,
uninformed by the overwhelming scientific

evidence. (And, again, some are knowingly

lying.)
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Global Surface Temperature — Departure from Average

1880 — 2016
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Average Global Sea Surface Temperature, 1880-2015

1971-2000 average
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Data source: NOAA (National Oceanic and Atmospheric Administration). 2016. Extended reconstructed sea surface temperature
(ERSSTwv4). Mational Centers for Environmental Information. Accessed March 2016.
www.ncdc.noaa.gov/data-access/marineocean-data/extended-reconstructed-sea-surface-temperature-ersst.

For more information, visit U.5. EPA’s "Climate Change Indicators in the United States” at www.epa.gov/climate-indicators.




1700 Years of Global Temperature Change from Proxy Data

uncertainty — proxy-based records — thermometer-based records
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16 of the 17 Hottest Years on Record Have
Occurred Since the Year 2001

Data: NASAIGISS
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Solar radiation powers
the climate system.

Some solar radiation

is reflected by
the Earth and the

atmosphere,

About half the solar radiation
is absorbed by the
Earth's surface and warms t.

Infrared radiation is
amitted from the Earth's
surface.




Solar radiation powers
the climate system.

Some solar radiation

is reflected by
the Earth and the

atmosphere.
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About half the solar radiation
is absorbed by the

Earth's surface and warms it. Infrared radiation is
amitted from the Earth's

surface.




PARTS PER MILLION
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THE BIGGEST SOURCES OF GREENHOUSE GASES
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Haorizontal Grid
(Latitude-Longitude)

Vertical Grid
(Height or Pressure)
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Changes in the Atmosphere:
Composition, Circulation

Changes in
Solar Inputs
Atmosphere
Ny O, An Violcanic Activi
canic v
H,0, CO,, CH, N.0, 0, etc. +
Aerosols f
Atmosphere- :
lce Precipitation i
Interaction Evaporation
Terrestrial
Heat  Wind Radiation _uman Influences

Exchange Stress s

)

Sea lcg =
Hydrosphere:
Ocean

lee-Ocean Coupling

Hydrosphere:
Rivers & Lakes |

Changes in the Ocean:
Circulation, Sea Level, Biogeochemistry

 Blagier

Changes in the
Hydrological Cycle

Clouds

# i i & § f i

Atmasphere-Biosphere
Interaction

Land Surface

Changes in the Cryosphere:
=now, Frozen Ground, Sea Ice, lce Sheets, Glaciers

Changes infon the Land Surface:
- Orography, Land Use, Vegetation, Ecosystems



Temperature Anomaly (°C)

Global Land—Ocean Temperature

8

.0 ﬁ
—s=— Annual Mean

4 —— S5—year Running Mean

K

K

K

1900 1920

1940

1960

1980

2000




NOAA Observed

880 1900 1920 . 1980 2000




ﬁ%.PEAWFDPhg

NOAA Observed

LI ; TV S TN NN WU SN TN ) NN (20 N
880 1900 1920 1840 1960 1980 2000 S 1800 1920 1940 1960 1880 2000




O
o)}
»
-
&
5
S
w
@
©
3
<

1900

PCM Ensembles
Global Average Temperature

Observations
(Natural) volc+solar
(Anthropogenic + Natural) volc+solar+ghg+so4

1920 1940 1960 1980 2000

Global average temperature since 1890 as reproduced by the NCAR/DOE Parallel

Climate Model.




Three extreme events directly tied to
anthropogenic warming for the first time

From “Explaining Extreme Events of 2016 from a Climate Perspective”, a special supplement to the
Bulletin of the American Meteorological Society, vol. 99, no. 1, January 2018



Three extreme events directly tied to
anthropogenic warming for the first time

* 2016 record global warmth (Knutsen et al.)

From “Explaining Extreme Events of 2016 from a Climate Perspective”, a special supplement to the
Bulletin of the American Meteorological Society, vol. 99, no. 1, January 2018



Three extreme events directly tied to
anthropogenic warming for the first time

* 2016 record global warmth (Knutsen et al.)

e 2016 extreme warmth across Asia (Imada et al.)

From “Explaining Extreme Events of 2016 from a Climate Perspective”, a special supplement to the
Bulletin of the American Meteorological Society, vol. 99, no. 1, January 2018



Three extreme events directly tied to
anthropogenic warming for the first time

* 2016 record global warmth (Knutsen et al.)
e 2016 extreme warmth across Asia (Imada et al.)

* Alaska marine heat wave, aka “blob” (Walsh et al.)

From “Explaining Extreme Events of 2016 from a Climate Perspective”, a special supplement to the
Bulletin of the American Meteorological Society, vol. 99, no. 1, January 2018
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Land & Ocean Temperature Percentiles Jan—-Nov 2017
NOAA'’s National Centers for Environmental Information
Data Source: GHCN-M version 3.3.0 & ERSST version 4.0.0

Record Much Cooler than Near Warmer than ‘Much Record
Coldest Cooler than Average Average Average Warmer than Warmest
Average Average

V Wed Dec 13 07:33:33 EST 2017
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NWS NDFD 2-m MAXIMUM TEMPERATURE [°F] Domain Min/Max 44.5° — 124.0°F
Init: 2017061419 Maximum Sun 18JUN2017 Within 1°F  Total Record Highs n=10
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The same extra heat that evaporates more water from
the ocean, causing bigger downpours and floods...
.". \ ': ) I

Land

...pulls moisture even more quickly from the soil,
causing longer and deeper droughts.

An Incanvenient Truth © 2006
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Hotter Years Typically Have More Fires
45 Years of Western U.S. Fires and Temperajures
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Worldwide Extreme Weather Catastrophes
1980 — 2016

Extreme temperatures, droughts, fires

Floods, mudslides

. Storms

Number of Events

1980 1984 1988 1992 1996 2000 2004 2008 2012 2016




Arctic Amplification Seen in Temperature
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Global Mean Sea Level Change

———— Adjusted Tide Gauge Data
Satellite Radar Altimetry
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Scituate, Feb 2013



What do we do about climate change?



What do we do about climate change?

e Mitigate
— Reduce emissions of carbon dioxide and other
greenhouse gases



What do we do about climate change?

e Mitigate
— Reduce emissions of carbon dioxide and other
greenhouse gases

e Adapt

— Plan for the impacts of a warmer world



A few resources and links:

General resources State and Region

AMS Annual Publications

Editorial in Boston Globe
(3/11/18) Article in the GHS Gillnetter


https://www.ucsusa.org/global-warming.Wq1EwOjwY2w
https://www.ucsusa.org/global-warming.Wq1EwOjwY2w
https://www.ucsusa.org/global-warming.Wq1EwOjwY2w
https://www.ucsusa.org/global-warming.Wq1EwOjwY2w
https://www.ametsoc.org/index.cfm/ams/publications/bulletin-of-the-american-meteorological-society-bams/state-of-the-climate/
https://www.ametsoc.org/index.cfm/ams/publications/bulletin-of-the-american-meteorological-society-bams/explaining-extreme-events-from-a-climate-perspective/
https://www.ametsoc.org/ams/index.cfm/about-ams/ams-statements/statements-of-the-ams-in-force/climate-change/
https://www.ametsoc.org/ams/index.cfm/about-ams/ams-statements/statements-of-the-ams-in-force/climate-change/
https://www.bostonglobe.com/opinion/editorials/2018/03/11/must-list-for-climate-change-greater-boston/mJTcAjCd0CkQilcC9qc8XK/story.html
https://www.bostonglobe.com/opinion/editorials/2018/03/11/must-list-for-climate-change-greater-boston/mJTcAjCd0CkQilcC9qc8XK/story.html
https://www.bostonglobe.com/opinion/editorials/2018/03/11/must-list-for-climate-change-greater-boston/mJTcAjCd0CkQilcC9qc8XK/story.html
https://www.bostonglobe.com/opinion/editorials/2018/03/11/must-list-for-climate-change-greater-boston/mJTcAjCd0CkQilcC9qc8XK/story.html
https://www.bostonglobe.com/opinion/editorials/2018/03/11/must-list-for-climate-change-greater-boston/mJTcAjCd0CkQilcC9qc8XK/story.html
http://www.mass.gov/eea/air-water-climate-change/climate-change/
http://www.mass.gov/eea/air-water-climate-change/climate-change/
http://www.mass.gov/eea/air-water-climate-change/climate-change/
https://rggi.org/
https://rggi.org/
https://www.environmentalleague.org/
https://www.boston.gov/departments/environment/climate-ready-boston
https://www.boston.gov/departments/environment/climate-ready-boston
https://thegillnetter.com/4737/features/gloucester-will-be-under-water-in-100-years-without-climate-change-efforts/
https://thegillnetter.com/4737/features/gloucester-will-be-under-water-in-100-years-without-climate-change-efforts/

mfriedman@ametsoc.org
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