global climate change

Impacts in the U.S.
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America’s first climate refugees: ALASKA




Frozen ground is melting & eroding

UDLD

= The people of Newtok, AK
%% have already been driven from
A48 their homes.

Kivalina may be next.




What Is happening to our world?

PART ONE




Doubt regarding the seriousness of

global warming Is at an all-time high

Thinking about what is said in the news, in yowr view is the seriousness of
global warming -- [generally exaggerated, generally correct, or is it

generally underestimated [?
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The Earth Is getting warmer ...

9 of last 10 years warmest on record
2000s: warmest decade on record
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Temperature Relative to 1961-1990 Average (57.2°F)
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. despite recent claims of “cooling”

Temperature relative to 1961-1990 average (57.2°F)
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It’s happening faster and faster

Temperature relative to the 1961-1990 average (°F)
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It’s happening faster and faster

Temperature relative to the 1961-1990 average (°F)
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It’s happening faster and faster
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It’s happening faster and faster

Temperature relative to the 1961-1990 average (°F)
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And this Is just a fraction of total heating.

Earth's Total Heat Content
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Temperature in the US Is increasing
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Presenter
Presentation Notes
A key finding of this report is that climate change is happening NOW. We’re already observing changes in many aspects of climate. And we’ve documented these changes. 
	U.S. average temperature has risen by 2 degrees Fahrenheit over the last 50 years.



Glaciers are melting

1913 - 2005

Shepard Glacier, Glacier National Park, USA

When the park was created: over 150 glaciers

In 2005: 27 glaciers remaining




Glaciers are melting

@ Gary Braaseh Phatography =T Gary E.'H'-'ﬁ'-'ﬂ" Fh

The Rhone glacier in the Bernese Oberland, Switzerland




Arctic sea ice Is shrinking

19792000 median minimurm

E-e;:’re:‘r-.er 16, 2007

Seaqa lee Concentration (pecent)
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e Summer sea ice extent decreased 15-20% over last 40 yrs
¢ |[ce-free summers likely common within 3 decades



Sea level is rising, as ice sheets melt

Tide gauge cbserations (18T0-2001)
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Snow Is melting earlier in the year

130°

50° | R

@ 20+ days earlier
5| @ 15-20 days earier
() 10-15 days earlier

40° = 5-10 days earlier
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Presentation Notes
These changes alter the amounts and timing of river flows, making less water available in summer.


Extreme rainfall becoming more frequent
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Increases in Annual Number of Days
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Ecosystems shifting, as temperatures warm

1990 Map 2006 Map

After USDA Plant Hardiness Zone Map, USDA Miscellaneous National Arbor Day Foundation Plant Hardiness Zone Map
Publication No. 1475, Issued Januay 1990 published 11 2006.

Where you live today feels like it used to
~200 miles south, just 25 years ago.




Marine species are moving poleward

Morthward

Distribution shift (miles)

Southward
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Presenter
Presentation Notes
As air and water temperatures rise, marine species are moving northward, affecting fisheries, ecosystems, and coastal communities that depend on the food source. On average, by 2006, the center of the range for the examined species moved 19 miles north of their 1982 locations.



Our world 1s changing

! EARLIER SPRING
Lilacs, honeysuckle, and other
harbingers of spring are flowering 1-
2 weeks earlier in the year.




Our world Is changing

SHIFTING CROPS AND PLANTS
Center of blueberry production has shifted
northward, from Maine to Quebec.




Our world Is changing

EXTREME HEAT
- Record high temperatures and
T }: heat waves 2x more frequent.
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Our world Is changing

DROUGHT
Crop losses of S5B per
year since 1980s.




Our world 1s changing

PESTS MOVING NORTH
. Less cold days to keep



Our world Is changing

Responses to warming
temperatures seen Iin
more than 25,000 physu:al
and biological systems
~around the world.
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Why Is this happening?

PART TWO




Conditions today are unusual In the

context of the last 2,000 years ...

Temperature difference relative to 1961-1991 (°F)
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... the last 6,000 years,

Today ——>
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. and even the last 800,000 years.

Thousands of Years Ago
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Changes In the sun can’t explain it

changes relative to 1961-1990 in: Increasing faster
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Record snowfalls can’t dismiss it

>8 ' WEATHER: How

conditions change

from day to day, or
even year to year

-> unpredictable!

very
warm year
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Record snowfalls can’t dismiss it

>3 " WEATHER: How

warm year conditions change
from day to day, or
even year to year
ong-term => Unpredictable!

climate
warming

trend | CLIMATE: The long-
term average of
weather over

£3 ~ decades

1960 1980 2000 -> very predictable!
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There Is only one explanation that fits

THE NATURAL THE ENHANCED
GREENHOUSE EFFECT GREENHOUSE EFFECT
naturally increases has artificially increased

Earth’s temperature by ~ Earth’s temperature by
70°F 1.4°F




We produce heat-trapping gases
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From our factories, cars, homes, farms




The US is responsible for 30% of past ems
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Last year, annual emissions from China caught up with those from the US.




How do we know Iit's us?

\ ..”..r”.......f. ”...r........ﬂ_..ﬂq......_

M
R AT T
AN e ...“._.._... Al ..“._I

.......
.............
.




Quantifying the human influence
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Quantifying the human influence
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Humans are the only explanation.
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Presenter
Presentation Notes
Remove title with white-out


How will climate change affect us In

the future?

PART THREE
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What can we expect in the future?

We're already
concerned about this
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Presenter
Presentation Notes
MOVE TO BEGINNING OF MODELING SECTION


What can we expect in the future?

+
N

But this Is what's
coming next.

+
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Projected Temperature increase (°C)
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Future change depends on our choices now

REALITY CHECK:
Today, we’re on target
to exceed even the
highest future scenario
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Summer (JJA) temperature change

Mid-High Emissions
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Summer (JJA) temperature change
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Summer (JJA) temperature change

Mid-High Emissions
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What does this mean ... for Massachusetts?

Hot and sticky
summers:

MD under lower
emissions

SC under higher
emissions

1961-1990

l’lJ « * 2010-2039

2040-2069

2070-2099
2040-2069

2070-2099 ‘,.

B Higher Emissions Scenario

Lower Emissions Scenario



What does this mean ...

for Chicago?

Summers: hot and
humid

Winters: warmer,
but just as much
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Days per year over 1000F
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Presenter
Presentation Notes
One of the ways we’ll see temperature increases will be in the number of very hot days. These maps show the number of days per year, over the coming decades, when the temperature will exceed 100 degrees. 
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Presenter
Presentation Notes
Higher emissions of heat-trapping pollutants result in more temperature rise and many more days above 100 degrees, as shown in the top map on the right. For example, an area in Texas that now sees 10 to 20 days per year over 100 degrees, by the end of the century under a higher emissions scenario will experience more than 100 days over 100 degrees. 
	This kind of extreme heat will have major impacts across the economy. 
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What does this mean for ... our health?
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Presenter
Presentation Notes
More very hot days and heat waves will directly affect our health. Extreme heat waves, which are currently rare, will become much more common in the future. At the same time, the U.S. population is aging, and older people are more vulnerable to extreme heat. Increases in heat-related illness and death are projected in cities across the nation, especially under higher emissions scenarios. 
	For example, an analysis of heat waves in Chicago finds about a tenfold increase in heat-related deaths per year by late this century under a higher emissions scenario. 
	There are success stories regarding adaptation to heat waves. For example, Philadelphia has implemented a successful system for reducing the risk of death during heat waves that has already saved lives. The city of Chicago is working to reduce urban heat by using green roofs and planting trees.  



GREAT LAKES
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... for our water resources?

Lower Emissions Higher Emissions
g~ Scenario? — Scenario”
/ I — ' T Percentage
] change in
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Presenter
Presentation Notes
In the Southwest, we expect to see large decreases in precipitation in the spring. Coupled with the increased evaporation and water loss from plants that occur when it’s hotter, and the reduced snowpack and river runoff, the Southwest can expect to see increasing drought.



for our energy?



Presenter
Presentation Notes
Another emerging issue involves interactions between climate change impacts. As we studied the impacts of climate change on major systems such as water and energy, the importance of the interactions between impacts emerged. 
	For example, water and energy are tightly interconnected. Water is used for hydroelectric power production and for cooling of power plants. Energy is used by the water sector for pumping, drinking water and wastewater treatment.  Our study found that as climate continues to change, water will become more scarce, and competition for water among the various uses will increase.
	Meanwhile, demand for electricity will increase as the climate warms. This will be compounded by the fact that U.S. population is increasing fastest in the hottest regions. At the same time, less water may be available for hydroelectric power production and for cooling of power plants. Ninety percent of our nation’s electricity is currently generated in coal, natural gas, and nuclear power plants. These all require large amounts of water. The timing of these interactions could pose real problems. During heat waves and droughts, which often occur simultaneously, water availability will be low when electricity needs are high. 
	This is just one example of the interactions among climate change impacts that are discussed in our report. Ultimately, we’ll experience the sum of all of these effects. 
	


... for our energy?
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Presenter
Presentation Notes
Another emerging issue involves interactions between climate change impacts. As we studied the impacts of climate change on major systems such as water and energy, the importance of the interactions between impacts emerged. 
	For example, water and energy are tightly interconnected. Water is used for hydroelectric power production and for cooling of power plants. Energy is used by the water sector for pumping, drinking water and wastewater treatment.  Our study found that as climate continues to change, water will become more scarce, and competition for water among the various uses will increase.
	Meanwhile, demand for electricity will increase as the climate warms. This will be compounded by the fact that U.S. population is increasing fastest in the hottest regions. At the same time, less water may be available for hydroelectric power production and for cooling of power plants. Ninety percent of our nation’s electricity is currently generated in coal, natural gas, and nuclear power plants. These all require large amounts of water. The timing of these interactions could pose real problems. During heat waves and droughts, which often occur simultaneously, water availability will be low when electricity needs are high. 
	This is just one example of the interactions among climate change impacts that are discussed in our report. Ultimately, we’ll experience the sum of all of these effects. 
	


... for California’s water supply?

2070-2099

Lewwer Emission Higher Emissions

lalf of
California’s
water comes
from mountain
SNOW.

11%
remaining
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/0-90% of that
could be gone
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of the century.




. for snow cover In the Northeast?

Historic Area (1961-1990)
B Late-century Area (2070-2099)




... for winter tourism?

® highly vulnerable ®vulnerable @ viable



Presenter
Presentation Notes
The ski resorts in the Northeast have three climate-related criteria that need to be met for them to remain viable: the average length of the ski season must be at least 100 days; there must be a good probability of being open during the lucrative winter holiday week between Christmas and the New Year; and there must be enough nights that are sufficiently cold to enable snowmaking operations. By these standards, only one area in the region (not surprisingly, the one located farthest north) is projected to be able to support viable ski resorts by the end of this century under a higher emissions scenario (referred to as “even higher” on page 23).91,373



.. for cold-water fish?

1980-1997 2020s 2040s

Miles Average air fernperature {-"F} :
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Salmon can be found where average air temperature
is less than about 70 F (shown in blue).
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Presentation Notes
Another key finding of our study is that there are thresholds in the climate system that we can expect to cross as climate continues to change. 
	One example is illustrated in these maps of the Northwest. Coldwater fish like trout and salmon generally can be found where the average air temperature is cooler than about 70 degrees. Those areas are shown in blue on the maps. Rising air temperatures cause the water temperatures to rise as well. These fish become severely stressed above the 70 degree temperature threshold, shown in the maps in shades of pink, orange, and red. Projected average August temperatures for the 2020s and the 2040s suggest that the habitat for these fish is likely to decrease dramatically. 
	These kinds of thresholds are important to consider when thinking about climate change impacts. Temperatures can rise a certain amount with little effect, but then, if a particular threshold is crossed, the impacts can quickly become dramatic. 
	Climate change also interacts with other stresses, many also caused by humans. Salmon have been under considerable stress in the Northwest because of dam building, logging, pollution, and overfishing. As a result, their populations are already at historically low levels. The additional stress of warming could be the final blow. At the very least, it will hamper the efforts underway to restore depleted salmon populations. 


... for frozen ground in the Arctic?
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. for ecosystems in the eastern US?

Recent Past Projected
1960-1990 2070-2100



Presenter
Presentation Notes
The maps show current and projected forest types. Major changes are projected for many regions. For example, in the Northeast, under a mid-range warming scenario, the currently dominant maple-beech-birch forest type is projected to be completely displaced by other forest types in a warmer future.243



()
... for our agriculture?
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Presentation Notes
	challenges from increased heat, pests, water stress, diseases, and weather extremes

Agriculture is vital to our economy and our lives. Climate change is projected to pose a variety of new challenges to both crop and livestock production. For example, many insects and crop diseases thrive with rising temperature. That leads to lost crops and greater pesticide use. 
	Warming aids insects and diseases in several ways. Rising temperatures allow both insect pests and disease pathogens to expand their ranges northward. Rapidly rising winter temperatures allow more insects to survive over the winter. 
	In addition to rising temperature, rising carbon dioxide will also affect agriculture, in both positive and negative ways. Rising carbon dioxide generally increases plant growth as long there is also sufficient water and nutrients. However, some of the plants that seem to benefit most from rising carbon dioxide are weeds. This means that more herbicides or other forms of weed control will be needed. But rising carbon dioxide also reduces the effectiveness of herbicides. As a result, higher concentrations of the chemicals and more frequent spraying will be needed, increasing economic and environmental costs. 
	Climate change will also cause other challenges for agriculture. Extreme events such as heavy downpours and droughts are likely to reduce crops that farmers use as feed. And livestock productivity is likely to be reduced due to increased heat, disease, and weather extremes.



... for our coasts?

Area that would
be underwater
with a 3 foot
sea level rise.
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Presentation Notes
This map shows what Florida would look like with that amount of sea-level rise with everything in red under water. 
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... for our cities?

Landmarks

A. West Side Highway i _ A
B. Battery Park Qa7 RN e
C. Brooklyn-Battery Tunnel 9 AT & ¢

D. South Ferry Subway Station
E. Ferry Terminals

F. Franklin D. Roosevelt Drive
G. Wall Street

H. South Street Seaport
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Presenter
Presentation Notes
The light blue area above depicts today’s FEMA 100-year flood zone for the city (the area of the city that is expected to be flooded once every 100 years). With rising sea levels, a 100-year flood at the end of this century (not mapped here) is projected to inundate a far larger area of New York City, especially under the higher emissions scenario.91 Critical transportation infrastructure located in the Battery area of lower Manhattan could be flooded far more frequently unless protected. The increased likelihood of flooding is causing planners to look into building storm-surge barriers in New York Harbor to protect downtown New York City. 234,370,371 



... and even entire nations?

Tuvalu, South Pacific
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Turn this into moving picture slideshow thingy where both pics are full screen and get equal time


=
Climate change will alter the character of

every region in the U.S.


Presenter
Presentation Notes
	As temperatures rise, there will be important changes in the character of each region.
	As nights in the Northeast continue to warm, the center of maple syrup production has shifted from the U.S. into Canada because production depends on the combination of freezing nights and warm days. Under higher emissions, maple trees are expected to decline dramatically in the Northeast, perhaps spelling the end of maple sugaring altogether in the U.S.
	Many fruits grown in the Northeast, including apples and cranberries, require a certain amount of winter chilling. Large portions of the Northeast are likely to become unsuitable for growing these fruits.
	Many winter recreation opportunities like ice fishing, skiing, and snowmobiling will disappear with rising temperatures, affecting our economy and our quality of life. 
	Native coldwater fish species will also decline amid rising temperatures, changes in seasonal stream flows, and diminished shade along stream banks.
	The bottom line is this: climate change already is affecting things we value. These impacts will grow, especially if emissions continue unchecked.






... and its global impacts are even larger.

CANADA
EUR
UNITED STATES s
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NORTH AFRICA . EAST INDIA &
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Climate Change in 2000
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In 2000: 150,000 deaths per year

In 2009: 300,000 deaths per year
300 million already at risk from climate change



What can we do about I1t?

PART FOUR




What If | think climate change Is a crock?

By reducing our reliance on coal, gas, and oil,
and looking to clean, renewable sources for
our energy, we would:

¢ Clean up our air and water
® Reduce our dependence on foreign oil
® [nvest in our own economy and our people

® Preserve our limited natural resources for
future generations



We have 3 choices:

“We basically have three choices: mitigation,
adaptation, and suffering.

We're going to do some of each. The
guestion is what the mix is going to be.

The more mitigation we do, the less
adaptation will be required and the less
suffering there will be.”

John Holdren

President’s Science Advisor; Harvard University



Global Climate Change

Resource 1 Impacts in the United States
Gl O bal CI I m ate U.S. Global Change Research Program
Change Impacts in HIGHLIGHTS

the United States

How has climate already changed!?

What Cllmate Change How: is it likely to change in the future?
means for the places
we care about ...

How is climate change affecting us now
T where we live and work?

PDF & educational
materials free online
at:

www.globalchange.gov/
usimpacts




Resource 2

A Climate for
Change
Global Warming Facts

for Faith-Based
Decisions

Why climate change is
happening, and how it is
affecting our world ...

Free online e-book at:

www.katharinehayhoe.com
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Resource 4: SKEPTICAL SCIENCE

{) Skeptical Science

Getting skeptical about global wariming skepticism

HOME ARGUMENTS

Search... m

=] RSS Posts
—| RSS Comments
(=< Subscriba by Email

Find out about our IPhone app...

Available on the
D App Store

Find us on

Facebook

Support Skeptical Science with a
donation:

Donate

Username

e e ——— — . —— e e e ——— e

LINK TO US LINKS ABOUT US CONTACT US

o= ] e el EH

Solar activity & climate: is the sun causing global
warming?

"Owver the past few hundred years, there has been a steady increase in the
numbers of sunspots, at the time when the Earth has been getting warmer. The
data suggests solar activity is influencing the global climate causing the world fo

get warmer.” (BBC)

Link to this page

In the last 35 years of global warming, the sun has shown a slight cooling trend.
Sun and climate have been going in opposite directions.




2. Prepare for what we can'’t avoid

Conserve the
resources we have

Protect ourselves from
what we can




3. Reduce our own impact

stop using this start using this

Each US household replacing 1 light bulb
= taking 1,000,000 cars off the road (+$30 savings per bulb)




4. Support fundamental change

stop using this start using this

Renewable energy gives us clean air and water, and home-
grown energy sources that will never run out. So, why not?




Change Is happening

1992 UN Framework Convention on Climate Change
167 nations agree to reduce heat-trapping gas emissions, to
prevent dangerous human interference with climate system.

COPENHAGEM

s 4
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“Dear Leaders of the World, TOGETHER we can SAVE our PLANET or DESTROY it. Choose what
is RIGHT...”




Change Is
possible

B
A/

7l

v -'l i



THE END

FOR MORE INFORMATION

WWW.KATHARINEHAYHOE.COM
WWW.GLOBALCHANGE.GOV/USIMPACTS




Maybe It's just

the urban heat
Island effect.

Where people
live >

Where it’s
warming fastest




Aren’t scientists always disagreeing?

Warming of the climate system is now evident from observations.
Most of the increase is very likely (=90%) due to the observed
Increase Iin heat-trapping gas concentrations due to human
activities [including burning fossil fuels].

Climatic change is being brought about by human-
Induced increases in the concentration of
atmospheric carbon dioxide, primarily through the
processes of combustion [burning] of fossil fuels.



Aren’t scientists always disagreeing?

Warming of the climate system is now evident from observations.
Most of the increase is very likely (=90%) due to the observed
Increase Iin heat-trapping gas concentrations due to human
activities [including burning fossil fuels].

The United Nations Intergovernmental Panel on
Climate Change, 2007

Climatic change is being brought about by human-
Induced increases in the concentration of
atmospheric carbon dioxide, primarily through the
processes of combustion [burning] of fossil fuels.

“The Artificial Production of Carbon Dioxide and
Its Influence on Temperature”

Guy Callendar, 1938




Didn’t those stolen emails disprove it?

e Everything discussed in the stolen emails had been
published in the scientific literature for years

¢ 3 independent records of global temperature from NASA,
NOAA, and Japan show same warming trends

® 26,000 physical and biological systems reflect same
warming trends

BOTTOM LINE: A few personal emails have no
impact on overall understanding that human
activity is driving dangerous levels of global
warming.




“Natural” thermometer records
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