Lectures 10-11

The Greenhouse Effect is Real
& Real Important

The Greenhouse Effect
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Past changes in GH gases correspond
to past changes in temperature

The past 420,000 years from the Vostok ice core.
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The Earth’s Climate is
Changing

Many changes over the last century are
consistent with an enhanced greenhouse
effect.

GLOBAL SURFACE TEMPERATURES HAVE
INCREASED

GISTEMP Global Temperature Anomaly
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2015 was the warmest year since record keeping began.




Lectures 10-11

Strings of warm temperatures
are unlikely to be due to chance

Decadal Surface Temperature Anomalies (°C)

Temperatures Have Become
Unusually Warm
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And may be outside the range experienced
during the last 5 million years

Abrupt Impuacts of Climate Change: Anticipating Surprises
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The distribution of summer
temperatures has shifted

We are loading the climate dice.

Shifting Distribution of Summer Temperature Anomalies
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% per decade

Gloval Anrusl Anomabes.

Observed Changes In Streamflow and Precipitation (1939-99)
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Sea Level is Rising

GrosaL Mean Sea Lever

Sea level (mm)

Bons et Cobumni) companed fo modeds used i i a1sessrent (Mght
are prosented for 1983 to 2003 and for the last four decades. including

Sea Lovel Rise fmm yr-/)
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Laowest on record during human times

Observed Sea lee September 2008

Observed Sea Ice September 1979

Correll 2006
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Average Monthly Arctic Sea Ice Extent
September 1979 - 2013

National Snow and Ice Data Center
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Arctic sea ice extent over the last 1,450 years
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Ice Albedo Feedback Loop

TOMPCRATURSS RSt

KCEMETS

FIGURE 2.15 Climate Feedback Loop: The melting of Arctic sea ice is an example of a positive
feedback loop. As the ice melts, less sunlight is reflected back to space and more is absorbed into
the dark ocean, causing further warming and further melting of ice. Source: NRC, 2010b.

The Biosphere Is Not Waiting to
be Told That It’s Warmer

Plants are on the move too.

Elevational change in plant species from 1997-2007 in Southern
California’s Santa Rosa Mountains.
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“The Natural Cycles of Interdependent
Creatures May Fall Out of Sync”

In 7 of 11 studies with sufficient data, the
temporal asynchrony increased between
interacting species in response to climate

warming.  yiontaigne 2004
National Geographic

9 predator-prey relationships
2 insect-host plant interactions

Parmesan 2006
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Some may fall out of sync with
changes in the environment

Camouflage mismatch in seasonal coat color due to
decreased snow duration L. scott etal. 2013 PNAS

More destructive bark beetles survive the
warmer winters and are moving to higher
elevations in the Rocky Mountains

And produce more generations per year.
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The Body Size of Some Species is
Changing

Bergmann’s Rule — For endotherms,
when all else is equal, body size tends
to increase with decreasing mean
annual temperature.

Several studies document changes in
animal body size for local populations
that correlate with changes in
temperature.

Read pages 146-147 i
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Radiative Forcing Components

We must rely on computer models
to forecast future changes

I,L !
1| S N T GH gases + aerosols +
* ! e fud @ changes in solar output

GH gases + aerosols
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The future depends on our
behavior

IPCC Emissions Scenarios:
Carbon Dioxide

‘Concentration (ppmv)
Preindustrial: 280
In 2000: 368
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Consider a scenario in which the concentration of

€O, in the atmosphere gradually rises to 400

ppm, about 8% higher than the level in 2000,

then stablizes by the year 2100, 35 shown here:
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The graph below shows anthropogenic €O, g raduate StudentS at

emissions from 1900-2000, and current net
removal of CO, from the atmosphere by natural MIT?
processes. Skelch H
. Your estimate of likely future net (0,
removal, given the scenario above.
b. Your estimate of likely future anthropogenic
€0, emissions, given the scenario above.
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ProsecTions of Sunrace TrmperaTuRES

Other Model Predictions

Increased subpolar precipitation in NH and
decreased subtropical precipitation over North
America and Europe

Projected change

n 2090 - 2099 for A1B) _DJF multi-model
g _
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Rising Seas 1990 & foet
above
New research suggests that
melting ice sheets and other L]
factors are likely to raise sea PROJECTED
SEA LEVEL RISE 4

levels by three feet or more

this century, which would
threaten low-lying coastal 3

regions worldwide.

2
MEASURED SEA LEVEL RISE i
Tide gauge data  Satellite data __j.—
g .
1000 1950 2000 2050 2100

‘Sources: PNAS: Martin Vermeer, Aalto University; Stefan Rahmstor,
S

Potsdam Institute for Climate Impact Research; NASA; CNE! THE NEW YORKTINES

Most of the warming since ~ 1950
appears to be due to human activities

Simulated annual global mean surface temperatures

(a) Naturai {®) Anthvopogenic

1PCC 2001

Impacts on Species

Good & poor places exist for every species
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Loss of Brown Trout Habitat from
Doubling of CO,

[ byl ] remion [ so-toonioss

Forecast Change in
Sugar Maple Importance
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Direct Impacts on Humans

An increase in average temperature should increase the
frequency of very hot days.
- For Chicago, 5.4°F increase in July temp.
should increase probability of heat index > 120°F
during the month from 1in 20 to 1 in 4.

During heat waves, deaths from cardiovascular &
respiratory illnesses increases.

Reductions in winter mortality are not expected to offset
increased summer mortality.

The elderly (esp. those alone) & children are the most
affected during heat waves.
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Box TS.5, Figure 1. Schematic showing the effect on extreme temperatures
when the mean temperature increases, for a normal temperature distribution.

Average Annual Excess Weather-Related Mortality for
1993, 2020 and 2050 Climate
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Indirect Effect on Humans

Threat to food production

Range & life-cycles of pathogens & vectors which
transmit disease are affected by climate.

Climate change should increase the potential transmission
of many vector-borne diseases.

Outbreaks of infectious diseases have been associated with
specific weather patterns:

- Malaria
- Hantavirus
- St. Louis Encephalitis

Threat to food production

Historical Warnings of
Future Food Insecurity with
Unp dented S | Heat

Ouwid. 5.

" s Rosamond L. Noyler’

Lobell & Goudji 2012

Diseases & Their Vectors May Spread

BEFORE 1970 TODAY
Cold temperatures Increased warmith has
caused freezing at high caused mountain glaciers
elevations and limited to shrinkin the tropics and

MOsquItoes, MOsquIto- temperate zones

MOSQUITCES

WHERE DISEASES OR THEIR CARRIERS HAVE REACHED HIGHER ELEVATIONS
Malaria Denguefever  Aedes
Highlands of Ethiopia, Rwanda,  San Jose, Costa Rica
Uganda and Zim! Taco, Mexico

gypti mosquitoes

Usamabara Mountains, Tanzania Exsiern Andes Mowntai,
Highlands of Papua New Ginea -olombia .
‘and West Papua frian Jaya) Northern highlands of India Epstein 2000
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Climate change appears to already be a Killer.

Impact of regional climate change on
human health

Growing Risks to Homes from Sea Level Rise and Storms

If half of Greenland and West
Antarctica melted

Southern Florida Southern Florida
Present Sea Level 20 Foot Sea-Level Rise

Gore 2006
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Where should we be heading?

Peak year

Global emissions [Gt COz]
- .
3

65% chance of limiting warming to 2 C

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Year

Recommended web sites dealing with
climate change

http://dotearth.blogs.nytimes.com/
interesting blog

http://www.skepticalscience.com/
devoted to addressing issues raised by skeptics w/ lots
of links to primary literature

http://www.realclimate.org/
a climate science blog by real climate scientists
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