Why should a geoloqist be studying climate?




Phanerozoic

Proterozoic

c
i)
=
8
£
q
3]
o
o

Millions
Era of years
ago

Cenozoic

Paleozoic

Late

Middle

Cenozoic

Paleozoic

Period Epoch

Holocene
Quaternary -
Pleistocene
Pliocene
Miocene
Oligocene

Eocene

Millions
of years
ago
0.01
1.8
58
23.8
337+

Paleocene

‘-E;,-“!.-.?

Cretaceous

Jurassic

Triassic

0OJ.U

Permian

Pennsylvanian

Mississippian

Carboniferous

Silurian

Ordovician

Precambrian

CLIMATE
change
IS responsible
for the
organization
of the
GEOLOGIC

timescale




climate changes may help us to predlct the future
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Glacial remnants
In Africa are

\ explained by:

1) plate tectonics
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What was going
on here to change
global temperature?

40

30

Late Eocene

(lw J3d) O, @ diyusg

e}

uead() Je|od
N O
- v o O <
Q
- S5 |9
g |15 O
g E - @
3 S a @) -
= = o
¥ S E
n O
= _ . O
uonepe|o dIeY =
== (@
Buimey] e
JPIeUY e
w. (D.) LV Y03ISOA
- judjeainbj o
e N O Y QRS
uonele|bay R
maury | !
=
sapA) [e1e|o pidey _ 5

60

50
Millions of Years Ago

20

10




T
m
O
o
v
g
LL
A~
QN

Variability




What causes the
“eccentricity” of = Circular
Earth’s orbit? « orbit

Elliptical
orbit




Gravitational interactions with the orbits of Jupiter and Saturn
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What familiar climate
phenomenon does

o - it 124 oo
Earth’s “obliquity” Maximum t||t| 2

HEY 231/20
cause? T c?days t."t: 220
Minimum tl|t-<\7/

~40kyr

Plane of Earth’s orbit







“Precession” of the equinoxes occurs due to tidal forces
from Sun and Moon

Vega North Star
Precessigr)
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Comblned solar forcing known as “Milankovitch cycles”
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Deep sea sediments record Milankovitch cycles over 500 Kya




3) Variations in solar intensity...sunpot activity
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400 Years of Sunspot Observations Little Ice Age
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NATURAL causes of global climate change:
1) plate tectonics (100s of millions of years)

2) orbital changes (100s of thousands of years)
3) solar intensity (10s of thousands of years)
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How many humans can our planet support?
A) 6 billion, B) 9 billion, C) 12 billion, D) 18 billion
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How many humans can our planet support?
11




Earth’s population today = 6.66 billion

World Population: 1950-2050
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Source: U.S. Census Bureau, International Data Base, August 2006 version.

How many people will Earth hold in our lifetimes?
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Historic world population and CO, emissions

WORLD POPULATION

CO, EMISSIONS FROM

FOSSIL FUELS AND LAND USE

1) Which is increasing at a faster rate today?
A)Population

B)CO,
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2) What is the primary
source of CO,

today?

A) Land clearance

B) Fossil fuels

Is this going to
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o VIEW DATA: Totals Per capita Definition Source (] Printable

Bar Graph Pie Chart Map Corre

Rank Countries Amount (top to bottom)

#@BX 20030000 bartele o

— day
6,391,000 barrels per

day
#3 Japan 5,578,000 barrelsag;:r —
#4 Russia 2,800,000 barrels per

day
#5 Germany 2,677,000 barrels per ]

day
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In 1956, Hubbert correctly predicted the peak in US oil production
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5What IS the effect of “Peak Oil” going to be on our planet?

_— Hubbert’s peak

Unconventional sources 2007
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3) Who controls the world’s oil?
A) N. America, B) C.&S. America, C) Africa, D) Middle East, E) Fmr USSR

Proven oil reserves at end of 2004

Billions of barrels (bbl) 734 bbl
(% of world total) (62%) 121 bbl (10%)
_ Former
61 bbl (5%) 18.7 bbl (2%) - Soviet Union
Europe

North America . ' . (10%)

Middle East
112 bbl (9%)

I 41 bbl (4%)
Central and l

South America Africa Asia /Pacific




Greatest Oil Reserves by Country, 2006

Proved reserves
(billion barrels)

2643
Canada 178.8

Rank | Country
12X |1 |SaudiArabia

United States has 1:3
production/consumption gap

Energy Statistics > Qil consumption by country

Iran 132.5
Irag 115.0
Kuwait 101.5
United Arab Emirates | 97.8 #1

Venezuela 79.7
Russia 60.0
Libya 39.1 #3

Wl N ||~ IN

10. Nigeria 359 #4
1) United States 214

12. | China 18.3 A
13. | Qatar 15.2
14. [ Mexico 12.9
15. | Algeria 114
16. | Brazil 1.2
17. | Kazakhstan 9.0
18. | Norway 7.7
19. | Azerbaijan 7.0

20. India 58

VIEW DATA: Totals

Countries

United States

#2 China

Japan

Russia

Germany

Per capita Definition Source (7 Printable ve

Bar Graph Pie Chart Map Correlat

Amount (top to bottom)

S 20030000 el e

day
6,391,000 barrels per
day °

5,578,000 barrels per _

day

2,800,000 barrels per
day

2,677,000 barrels per
oy I

3 year supply

View the rest of the list (206 more countries) »

P/C gap growing 5% per year

P/C gap cost $192 billion in 2007

($240 billion per year spent in lraq war so far)
($100 billion to provide universal health care)
($6 billion spent on cancer research)




Why is
Hawaili
particularly
at risk in

scenarios
like this?




Hawali has one of the highest rates of
per capita oil consumption in the world

2x U.S. average
4x Europe average
28x China average

1. transportation and electricity-generating plants
2. airplanes that fuel our tourist-based economy

3. almost all of our food and consumer goods




How are human actions affecting our environment?
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Climate system is complicated - how can we simplify?

Solar radiation
Greenhouse gases -

Back
radiation
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Forcings (causes)

CAUSES CLIMATE SYSTEM
(external forcing) (internal interactions)

Changes in
plate tectonics

Changes in
Earth's orbit

Changes in
Sun's strength

Responses (effects)

CLIMATE VARIATIONS
(internal responses)

Changes
in
vegetation

Changes in
land
surface




Speed of Forcing Speed of Response

CAUSES CLIMATE VARIATIONS
(external forcing) (internal responses)
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Greenhouse gas concentrations in atmosphere have recently:

4) A) increased, B) decreased

Methane (ppb)

Carbon dioxide (ppm)
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Siegenthaler et al., 2005 Age (years) x 10° Dome Concordia Ice Core




Without doubt human activities have changed atmospheric chemistry

322 ———————1—r
Carbon Dioxide Nitrous Oxide
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280 ppmv in 1850 302 - 275 ppbv in 1850
. 35%increase] yo 16% increase
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1800 T T T T T T T 600
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300 - 1987 Montreal Protocol
/-'_

200 / O pptv in 1850
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1650 +
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®
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CDIAC, 2006




What allows Earth to support life?

EARTH, 14 °C




Reflected
and scattered

“Greenhouse
Effect”

240 Radiated to space

150W/m2
2.5W/m?2

Natural Enhanced

greenhouse greenhouse
240 Arriving effect effect

in climate
system

390
Back
radiation

Earth’s own
Greenhouse Effect
1S

NATURAL
and
NECESSARY




5) What is 100-year trend in annual temperature?
A) increase, B) decrease

1901-2003
National Climatic Data Center/NESDlS/NOAA
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GREENHOUSE MATH PROBLEM
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GREENHOUSE MATH PROBLEM
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GREENHOUSE MATH PROBLEM
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GREENHOUSE MATH PROBLEM
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Northern Hemisphere temperature record
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from the 1961 to 1990 average

What’s going to happen next?

1000 1200 1400 1600 1800
Mann et al., 1999




6) How much is temperature projected to change in our lifetimes
(between 2000—20160) using A1B scenario (IPCC 2007)?

1 — A2 i
40 4 _ P -
) { —B1
< 3.0 - — Constant composition -
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= 1 — 20th century
E 20 - a
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ﬁ 0.0 - =
Qo
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O .1.0 - 23 -
1900 2000 2100 2200 2300

A) 0.0°C, B) 0.5°C, C) 1.5°C, D) 2.0°C, E) 3.0°C



/) What Is the hottest year on record since 18907
A) 2005
B) 2007
C) 1998
D) 2002
E) 2003

.

—

-

(b) 2006 Surface Temperature Anomaly (°C)




What are the impacts of human-induced temperature rise?




How iIs sea level projected to change in our lifetimes?

sooF- 5sttr|‘rg%tae§ | Instumental'record | Projections
400
300
200

100

Sea level change (mm)

-100

-200

1950 2000 2050 2100
Year

IPCC projection includes only thermal expansion of seawater
What’s missing?

1800 1850 1900
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Where is 1m of sea level rise?
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Where is most of Waikiki?




Possible sea level rise in our lifetimes - where is your house?

1 Meter
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2.50E+07
Green Iand E 2.00E+07
. . £
iceis -
& 1.50E+07
melting 3
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-162+/- 22 km3/yr
500+ ~0.4 +/- 0.1 mm/yr sea level rise

Ice Mass (km3)

- | Velicogna and Wahr, 2005 |

Total Melt
April - September 25

1987 1991 1998 2002 2005

1995

1992 1980

Total melt area

lce volume

Calendar Year

2002.5 2003 2003.5 2004 2004.5 2005 2005.5




How about Antarctica?




Antarctica is melting too...
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Greenland or West Antarctica - 21 feet (7 meters)




Don’t fall in this!

What does all this
water do to
Ice flow

Range of modele —— Obeservations

Million eq km
10

1950 1975 2000 2025 2050
Year




Larsen Ice Shelf

31 January 2002 17 February 2002

%

Rhode Island

V.

23 February 2002 - S March 2002



In a warming climate, cyclone intensity A) increases, B) decreases
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Cyclone Kills Thousands in Myanmar




Hurricane
L e Cyelone,
" |

1) warm ocean temperatures

2) low vertical wind shear

(i.e., no strong change in
wind speed or direction
between two different
altitudes)

3) high humidity
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Hurricane intensity vs. ocean temperature
1-6 T T T T T T T

Storm
mmm  sea surface temperature in hurricane
spawning region 6° — 18° north latitude, I
14 20° - 30° west longitude I n te NSl t

storm intensity (Emanuel's measure) IS

1.2

Increasing

1.0

0.8

0.6 Higher Percent of Category 4 & 5
Hurricanes Worldwide

50

0.4

- cats: 243

cat: 1 "

0 -2 1 1 1 1 1 1 1
1930 1940 1950 1960 1970 1980 1990 2000
Year

N cats: 446

" The most powerful hurricanes (categories
4 and 5, orange line) are increasing
over the same time period that ocean
temperatures are increasing. At the same
time, the less powerful hurricanes are
decreasing (Webster et al., 2005).

| I I I I
/74 T5/T9 80/84 85/89 90/M 94,99 00,04

Parcant Total Hurncanes per Category




Global costs of extreme weather events (inflation-adjusted)

Storm frequency
increasing?

Annual losses, in thousand million U.S. dollars

LR

é‘

&/

Total economic losses

|PCC, 2001 I Insured losses

13— Number of events

Decadal average

n

change ("C) &

’ M

il
h“; ’J ‘ |

1900 1925 1950
Year

'c Global lcmpcralurc




Category Five Hurricane

» Winds greater than 155 mph (135 kt or 249 km/hr).

e Storm surge generally greater than 118 it abeve normal.

e Complete roof failure on many residences and industrial buildings.

» Some complete building failures with small utility buildings blown over or away.

* All shrubs, trees, and signs blown down.

» Severe and extensive window and door damage.

e |Low-lying escape routes: are cut by rising water 3-5 hours before arrival
of the center of the hurricane.

 \ajor damage to)lower floors ol all structures, located lessithan 151t albove sea
levelland within 500 yards, efi the shoreline.

* \assive evacuation of residential areasion low ground within 5-10rmiles
(8-16 km) of the shoreline may be required.




How many Inikis (C4)
can our islands handle?




Category 4-5 projected storm surge heights 6m

Federal
Emergency
Management
Agency
(FEMA)










What happens when you decrease rainiall
and Increase sea level?

Depth to water
table increasing

Depth to salt
water decreasing




Invasive species encroachment




Lag time of climate components

CO, concentration, temperature, and sea level
continue to rise long after emissions are reduced

Magnitude of response Time taken to reach
equilibrium

Sea-level rise due to ice melting:

> | 7r | millenni
CO, emissions peak Is thi listic? P several millennia
S BN Y 7% Sea-level rise due to thermal

s
expansion:
centuries to millennia

Temperature stabilization:
a few centuries

CO, stabilization:
100 to 300 years

CO5 emissions

T
Today 100 years 1,000 years

IPCC, 2001




Human/Climate Analogy [E—

What happens when . '

you put afrogin a
pot of boiling water?

What happens when
you put a frog in cold
water then bring it
to a boil?




What percentage are we of the geologic record?




Be the architects of your future, not its victims...
Buckminster Fuller




