Lectures 7-10

The End of Nature

Global Change is More Than
Global Warming

CO, Concentrations Have
Increased
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CO, Has Increased Primarily
from Fossil Fuel Burning
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1995 total emissions is 6.46 billion tons €O2; in 2035 total emissions
is estimated to be 11.71 billion tons €Oz
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Can all the people in China and India
live the “American Dream”?

Chinese & Indian people alive today

per person are used in the United Stai@es2003
(“The American Dream” )

So W would be needed.

is the amount of energy consumed for thetiee
world in 2008

Assuming energy demand per person and the poputeiof
India and China stay constant.

Your conclusionis ....... ?

U.S. Carbon Dioxide Emissions
from Fossil Fuel Combustion: 1995
Commercial
Transportation 5%
31%

Utilities
35%

Residential

7% .

e Industrial
21%

1,403 Million Metric Tons Carbon-Equivalent

Source: DOS, 1997

Are current levels of 390 ppmv of CQ

abnormally high ?
True or False?
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Under Optimal Conditions
the Growth of Plants May Increase

Present Levels
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Conditions Are Not Always Optimal

Which set of bars are plants growing under more optimal
conditions?
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Plants May Loose Less Water

o

°

o

—4— 0.15 - 0.30 m, high CO,
-©-0.15- 0.30 m, low CO,
—&— 0 -0.15 m, high CO,
-A-0-0.15m, low CO,

Soil moisture (g HyO / g soil)

F
Month -- 1993

What is causing the difference
shown here?

Elevated [CO;] 27.5°C _

Ambient [CO;] 26.1 °C

Effects May Change Over Time
And Be Species Specific

8 striped
maple

Plant mass ratio (700/350)

Time (years)
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Changes in Tissue Composition
Could Effect Herbivory

Nitrogon
(% dry welght)
Growth rate
(mg/day)
© 4N w a

(% dry weight)

Condensed tannin

o
Birch Pine

Recent Discoveries

Unsaturated: saturated cogeners

Ambient Elevated

Mohan et al. 2006
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The effects may be something to sneeze at!

Production of allergenic pollen by ragweed (Ambrosia
arrentisiifolia L.) is increased in COy-enriched
atmospheres

Peter Wayne. PAD'; Sussonsh Foster. BS' John Connolly. PRD': Fakhri Bazzsz. PRD':
and Pasl Epitein, MDY

Al of Allengy. Asthm wod Ersnunologzy 023279252

Background: The potential effects of global climate change on allergenic pollen production ae
sill poorty underssood

o study thse direct impact of rising smospheric CO; concenations o
L.} polien production and growth
Methads: In et ironmentally controlled greenbosses, stas
foded stand-ieved fodal pollcn production and cd-of-scason
‘easres of plan mass, and seed production.

Hesules: A doublng of e s

eris OO concemrstion stimailssed sagweed polles
prodnction by 61%

s in exposiae 1o
.

Mauna Loa CO, record

€O, ¥ =1.74x- 31059

R = 0.4, st err. = 0029

0, y=186x-3364
- 0.3104, st err, = 0223

GEOSECS T
12654, 3t err. = 0.00025

1960 1970 1980 1990 2000
Year

And reduce soluble carbonate because ...

0
0 200 400 600 BOO CaCoO. Ca*s CO.2
CO, -aCO, => Ca™*+ CO*
(OO, (PP} .,(coral)‘ =
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Riebesell et al. 2000

Interactive Effects Can Lead to
Unexpected Changes

O Treatment (amb CO;)
Treatment (+ CO,)

F TP NP TN TN
Treatment

Article #5 Shaw et al 2002

The Greenhouse Effect is Real
& Real Important

The Greenhouse Effect
Some of the infrared radiation passes

= infraneg radiabonis R L
W from the eartfiigsurtac
' Loaind

& L%
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Concentrations of Greenhouse Gases from 0 to 2005
T T T T

Carbon Dioxode (CO,)
Methane (CH.)
— Nitrous Oxide (N0)

soa b b b b e b

CFCs

The past 420,000 years from the Vostok ice core.

Current levels of GH gases are abnormally high
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What else do we know
about global climate
change ?

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

Global Land—Ocean Temperature Index

—— Annual Mean
—— S5—year Running Mean
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Don't Miss the Signal From the Noise

“The dog is the weather”

Check out:
http://www.youtube.com/watch?v=e0vj-0imOLw&feature=youtu.be
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Strings of warm temperatures
are unlikely to be due to chance

Annual Temperature Trends
1979-2003

From The Best Available
Evidence

11
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Annual precipitation trends: 1900 to 2000

Assuar Preciemanon TReos
Trend % per Secade 1951 - 2003 contrbution from very et days

Giobal Anrual Anomabes

Observed Changes In Streamflow and Precipitation (1939-99)

150 unregulated streams across the US

I Precipitation

Il streamflow

Percentage of Total Change - % per 100 years

20 40 60 80 100
Light/Low Moderate Heavy/High

hitp://www.usgerp.goviusgerpiLibrary/nationala
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Qori Kalis in the Peruvian Andes

K

2005
Thompson et al. 20

Sea Level is Rising

GrosaL Mean Sea Lever

13
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hevel rise based upon obssrvations (ieft columns) compared to models wsed in this sssessment g
731> 2003 @t o T MSt four BCIES, INCIUCENgG

Table TS.3. Contrbutions fo sea
50018, o T0.A for Sota%s). Vakes arw pressnted 1or 7

otserved fotals. {Adapted from Tables 5.3 and 9.2}

RESp—
Glaciers and ics caps.

Grosning ke Stest

Observed total sea leval rise

Otservest total mirus the sm
of olbsrvad climats contributions]

Science Global Warming and Northern

1996 Hemisphere Sea Ice Extent
Rapid Collapse of Northern Konsantin Y Vieko* Al Robock? enad . Scufer?
Larsen Ice Shelf, Antarctica fratmelir ek smetvim S et

Helmut Rott, Pedro Skvarca, Thomas Nagler

In January 1995, 4200 square Kilometers of the northem Larsen lce Shelf, Antarctic
Peninsula, broke away. Radar images from the ERS-1 satelte, by field
d

9

observations, the ice an
disintegrated almost completely within a few days. This breakup followed a period of
ty a regional trend ot \g. The obser

it 2 pecent fo the 197898 se0 e treds and e han 01 prcent for e
1953-98 se e trends Both models urd hreproject continued decrases I

s a result of perturbated mass balance.

LETTERS TO NATURE

W V.31
Recent atmospheric warming
and retreat of ice shelves on
the Antarctic Peninsula

D.G. Vaughan & C. S. M. Doake

s e
Nasngey o, Canorcge CB3 OFT, %

Lowest on record during buman times

Observed Sea lee September 1979 Observed Sea Ice September 2005

Correll 2006
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Total loss possible by 2030 during
the summer.

Average Monthly Arctic Sea Ice Extent
September 1979 to 2010

Extent (million square kilometers)
and Ice Data Genter

1978 1982 1986 1990 1994 1998 2002 2006 2010
Year

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

If it becomes warmer earlier and stays warme
longer, how might living things respond?

How do you think the distribution of species
will respond to an overall increase in
temperature?

15
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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
LI Montaigne 2004
National Geographic

9 predator-prey relationships
2 insect-host plant interactions

Parmesan 2006

Radiative Forcing Components

W v

1 o 1
Raciatve Forcing (W m )

The relative importance of
forcing factors can change

Radiative Foreings
.

T — IS
Well-Mixed Greenhouse Gases
Ozone

Stratospheric H,O

Solar radiance

Effective Forcing (W/m®)

Stratospheric Aerosols (Annual Mean)
Black Carbon (BC)
Reflective Tropospheric Aerosols
------ Aerosol Indirect Effect
I I | I | | I

16
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We must rely on computer models
to forecast future changes

Tomperatira anomaly (%)

H

GH gases + aerosol

GH gases + aerosols +
changes in solar output

The future depends on our
behavior

IPCC Emissions Scenarios:

Carbon Dioxide
1000

Concentration (ppmv)
Preindustrial: 280
1 in2000:368 800

600

J Emissions (GtC/ yr)

2000 2020 2040 2060 2080 2100

"images created by Robert A.
Rohde / Global Warming Art" A1T A1FI A2 B1 B2

Why do
concentrations
continue to rise
if emissions
slow or even
decline?

17
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Consider a scenario in which the concentration of
€0, in the atmosphere gradually rises to 400
ppm, about 8% higher than the level in 2000,
then stabilizes by the year 2100, as shown here:

W o Are you smarter than

Year

The graph below shaws anthiopogenic €O, g rad uate Stude nts at
emissions from 1900-2000, and current net
removal of CO, from the atmosphere by natural
processes. 5|(Eli(h1 M |T9

a. Your estimate of likely future net €O,

remaoval, given the scenario above,

b, Your estimate of likely future anthropogenic

€0, emissions, given the scenario abave.

Anthropogernic €0,
emissions (GtC/year)

L)
W w0 w0 w0 zbo
Year

Current Models Predict

Constant compaibon
commitment

208 cantury

o
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=
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Prosecrions or Sunract TempeRaTURES

200 - 2020

1 & ‘ [ =
s Ay et Tampesakie Change () D05 118 R2BA08 A48 5 A5 E A8 T 1S
e

Fionre 78,20, Fregectet e changes for 2 1900 1o 1000, The cmnieal
At rght panels hovw e ACGEH maii-mociel mrevags srajectis (C) or the 1 1o, A1 (misiet an A2 {botromy SRES acernrion
avmrmged ovas five cacaden 5030 fo 2059 (owire it 2000 10 2090 (gt The. it parm shaws cormapanig imaess

i
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Other Model Predictions

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

Projected change Projected change
in 2090 - 2099 for A1B) DJF in 2090 - 2099 for A1B) JIA
g 2 i LG e

Rising Seas

New research suggests that

melting ice sheets and other

factors are likely to raise sea PROJECTED
levels by three feet or more SEALEVEL RISE
this century, which would

threaten low-lying coastal

regions worldwide.

MEASURED SEA LEVEL RISE
Tide gauge data  Satellite data
1900

|
——— level
1500 1950 2000 2050 2100

Sources: PNAS; Martin Vermeer, Aalto Unlversity; Stefan Rahmstorf,
Potsdam Institute for Climate Impact Research; NASA; GNES R
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Simulated annual global mean surface temperatures
(B) Anthropogenic
18

Temperanure sromates ('G)

Loss of Brown Trout Habitat from
Doubling of CO,

IPCC 2001

20
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Forecast Change in
Sugar Maple Importance

Muities
Boundary

Direct Impacts on Humans

What do you think some of the direct
impacts on humans may be?

Increase in mean

Previous
Climate =%

Weather

bexs Record Hot

wg:,lﬂe r Weather

e New
\’ Climate

@
o
c
g
£
S
]
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z
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g

&

Cold Average Hot

Box TS.5, Figure 1. Schematic showing the effect on extreme temperatures

when the mean temp , for a normal temp
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Indirect Effect on Humans

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

Signs of Change Are Appearing

BEFORE 1970 TODAY
Cold temperatures. Increased warmth has
| caused freezing at high caused mountain glaciers
elevations and limited toshrinkin the tropics and
mosquitoes, mosquito- temperate zones
borne diseases and
many plants to low
altitudes

DENGUE FEVER MOSQUITOES
IALARIA -

\e mosquitoes,

diseases and plants
have migrated upward

WHERE DISEASES OR THEIR CARRIERS HAVE REACHED HIGHER ELEVATIONS

Malaria Denguefever  Aedesaegyptimosquitoes
Highlands of Ethiopia, Rwanda,  San Jose, Costa Rica (can spread dengue
Uganda and Zimbabwe Texoo; Mexico fever and yellow fever)
Usamabara Mountains, Tanzania astern Andes Mountains,
Fighlandsof PapuaNew Guanea -olombia .
and West Papua (irian Jaya) Northern highlands of India Epstein 20C

nge appears to already be a killer,

Impact of regional climate change on
human health

Mortalty per millon
peocia

. 70-20
1 Nodata
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If half of Greenland and West
Antarctica melted

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

Gore 2006

Where should we be heading?

Others disagree

Target CO,:

< 350 ppm

To preserve creation, the planet on which
civilization developed

Jim Hansen 2008

23
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www.time.com/time/specials/2007/environment/
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