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How Science Works

Growth in Science
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Scientific process (as practiced by scientific community)
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Climate Change
10 HOTTEST YEARS GLOBALLY

TEMPERATURE ANOMALY (°F)
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Source: NASA GISS & NOAA NCEI global temperature anomalies (°F) averaged GD
and adjusted to early industrial baseline (1881-1910). Data as of 1/18/18. CLIMATE CENTRAL




Data source: NASA's Goddard Institute for Space Studies (GISS).
Credit: NASA/GISS
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Global temperatures compared to pre-industrial (1850-1900)

= Met Office Global temperatures
Compared to pre-industrial (1850-1900)
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Why We Believe the Observed
Warming is due to Humans



he Greenhouse Effect

Some solar radiation
is reflected by the
Earth and the
atmosphere.

Some of the infrared

radiation Easses through

the atmosphere, and some

is absorbed and re-emitted

in all directions by

t greenhouse gas

¢ molecules. The effect of

: this is to warm the Earth's

surface and the lower

\ atmosphere.

Solar radiation
passes through

the clear
atmosphere

Most radiation is
absorbed by the Earth's 5Ny i
surface and warms it. Infrared radiation is
emitted from the
Earth'ssurfaces



Temperature anomaly (°C)
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Temperature anomaly (°C)
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PARTS PER MILLION

Atmospheric CO, at Mauna Loa Observatory
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IPCC (Intergovernmental Panel on Climate Change) 2001.
Climate Change 2001: The Scientific Basis



Probability of occurrence

Increase in variance
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Probability of occurrence
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IPCC (Intergovernmental Panel on Climate Change) 2001.
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Frobabhility Density
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Northern Hemisphere anomaly (°C)

relative to 1961 to 1990

Northern Hemisphere Temperature Anomalies
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Northern Hemisphere anomaly (°C)

relative to 1961 to 1990

Northern Hemisphere Temperature Anomalies
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More big blows in the greenhouse. Computer simulation of the most intense hurricanes
shows an increase from today (top) to a warmer world at the end of the century (bottom).

SCIENCE VOL327 22JANUARY 2010 399
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“We find that human-induced climate change likely increased the chances of the
observed precipitation accumulations during Hurricane Harvey in the most affected
areas of Houston by a factor of at least 3.5.” Rissen & Wehner AGU in Press



Recent Past
(1961-1971 Average)
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Recent Past, 1961-1979

—“"—-i-..

) Number of days above
N '

7 100 °F

l-. L
/ '\\_ : Number of Days
<10 20 30 45 60 75 90 105 >120
?WET Emissions Scenario®', 2080-2099 Higher Emissions Scenario®', 2080-2099
LR /AN e N _

www.globalchange.gov/usimpacts



100 -

o
=

Extreme Event Metric (Deviation from 1951-1980 average)
2 o

1100 -

W Record High Temps
B Extreme Precip

B Heavy Snow

B Hurricanes (Cat3-5)

[l Tornadoes

B Record Low Temps

B East Coast Winter Storme

1950s 1960s

1970s

1980s

Decade

1990s 2000s

JRPRPRRS R N |

NS S . S S R — N —

PR RN [ S DU N -

EOS 2014
95(18):1



Number of recorded disasters
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Change in the distribution of sugar maple




COUNTRIES THAT JOINED THE PARIS CLIMATE AGREEMENT
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SOURCE: UNFCCC NOTE: Denmark’s agreement excludes Greenland. Map is updated as of May 31, 2017. BUSINESS INSIDER



U.S. Carbon emissions and Paris Goals
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2013 $ / megawatt hr

Cost of a new Power Plant
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Solar adoption has outpaced projections

Projected (year of IEA publication) versus actual (historical)
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Changes in the Arctic

Sea Ice (Including thickness)

Arctic Sea Ice Decline
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Which do you expect to melt faster?
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Thick glacier Thin glacier
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L p— Greenland Ice Flows
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How Glaciers Work
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How Glaciers Work
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How Glaciers Work
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How Glaciers Work
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How Glaciers Work

Glacier




How Glaciers Work
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Deep Outlet Glaciers
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Deep Outlet Glaciers
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Rapid Retreat
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* Jacobshavns Isbrae occupies
subglacial channel

 Central Greenland is below
sea level

Russel Huff, Univ. of
Colorado



Sea Level Change (feet)

Past and Projected Changes in Global Sea Level
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The Global Role of Snow

NASA animation showing positive feedback
As the snow melts more solar radiation is absorbed and more snow melts



Surface Reflectivity 20% Reflected
by vegetation

Albedo and dark soil
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My Research




Transparent!
Experimental design

Control Manipulative
warming



Collecting Data / Making Observations

Objective!
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A general increase in canopy height due to:

 an increase in stature of previously existing species

« a shift in composition from lichens and mosses
toward shrubs and grasses

Control Warmed
Key ip
forb I~ lichen shrub
\’/ short grass >« mOSS tall grass



Current Projected
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Boreal Polar desert/  Ice
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Projected ice extent
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IPCC (Intergovernmental Panel on Climate Change) 2007.



Temperature variation ('C)

Past Climate Change
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Temperature variation ('C)
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 Science has robust filters
« Climate change is occurring

» Changes in the Arctic will have profound
Impacts on the rest of the globe




