Chapter 15: Global Warming, Part I

I don’ t like the term “global warming ~ because it
emphasizes on temperature, which 1s not very important.
What matters is water resources, growing season, sea
level, invasive species, local extinctions, spread of
disease, etc. Who cares about temperature?

Example: If the average annual temperature in Laramie were 2°F
warmer than average, would we even notice? Unlikely. We

would, and do, notice drought! What happens when the river and
our wells run dry?

e How do we identify Holocene climate change?
* What changes can we identify?



What 1s the Holocene?

* Time since last glacial retreat
e Approximately the last 10,000 years
* Why study this period?
— T increase in last 10,000 years to now is...

— Same as T increase from now to end of 215t C



Holocene
climate
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Fig.15.1 @) Deep sea sediments
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Argentiere glacier, French Alps
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e Actual records I
e Palynology by
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— From pollen, reconstruct plant assemblages
— Compare to present distribution of assemblages

* Dendrochronology

— Width of tree ring indicates amount of annual
growth

— Related to T during growing season, water
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Holocene Climatic Optimum (3,000-6,000 y)

 Time of max. Holocene T, 1-2 C warmer than today
e Sahara was fertile, Nile R 3x water volume

e (Qreat ancient civilizations
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Medieval Warm Period (1100-1300 AD)

« Viking settlements in Greenland, Iceland
e Snowline 370 m higher in Rockies
* Vineyards in England

Wheat grown in Norway

*Hvalsey church, in southwest Greenland,
is the best-preserved artifact of Norse
Greenlanders, who mysteriously

disappeared in the 15th century.

@ 1992, Fdy Bruezzemarmy Al nghts reserved.
http://www.atmo.arizona.edu/students/courselinks/fall04/atmo336/lectures/sec5/holocene.html



Little Ice Age (1550-1850 AD)

N Hemisphere T 1 C less than today

« Settlements in SW USA abandoned

« Glaciers re-advanced, covered houses in Swiss Alps
e Canals 1in Holland froze 3 months straight

» Agricultural productivity dropped

The cold winters of the little Ice Age were ] :
recorded in Dutch and Flemish paintings such & s N
as Hunters in the Snow by Pieter Bruegel (c. §ie®

1525-69) : sy $a R
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The Vostok ice core record Sowce: Fetit et al, Natur, 1999,

Berger &Loutre, QSE, 1991
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Have humans
averted an 1ce age”?

* Widespread land clearing
starting 8000 years ago in
Europe to support agriculture

 Domestication of rice and
rice agriculture in Asia
produce large amounts of
methane (livestock as well)

e CONTROVERSIAL! (But
interesting...)

— Solar radiation (Wim?) = Methane (ppd)
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I essons from the Holocene

 Small changes in global T can have
significant consequences, especially on
regional scales

e Natural variations have occurred in the past,
over approximately 200 year periods



Causes of climate variability

1. Changes 1n ocean circulation
2. Volcanism

3. Orbatal factors

4. Variations 1n solar output

5. Changes 1n sea ice



1. Changes 1n ocean circulation
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Younger Dryas (10,500-8500 y)

e Global T dropped2 Cin 50y
e Attributed to a lessening/cease of NADW formation

 When circulation restarted, T rose 3 C,7 C in N Europe
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2. Volcanism
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4. Variations in solar output-sunspots Fig. 15-7
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(a)

NATURAL : Annual global mean temperatures

Temperature anomalies (°C)

(b)

ANTHROPOGENIC : Annual global mean temperatures
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TABLE 15-1 Fossil-Fuel Reservoir Sizes and Burning

Rates
Size,”  Burning rate, Projected

Reservoir  Gton(C)  Gton(C)/yr lifetime™ (yrs)
Coal 3800 2.8 1360

Oil 680 3.3 200
Natural gas 570 1.5 380
Cement 0.3

production
Total 5050 7.9

*Reservoirs have been converted from gtoe (gigatons of oil
equivalent) to Gton(C). The following conversion factors
were applied: Coal: 1gtoe = 1.12 Gton(C); oil: 1 gtoe = 0.83
Gton(C); gas: 1 gtoe = 0.65 Gton(C).

**Projected lifetime = reservoir size =+ burning rate.

Sources: Reservoir sizes from Table 9 of H.-H. Rogner, Annual
Review of Energy and the Environment 22, November 1997, pp.
217-262, doi:10.1146/annurev.energy.22.1.217.; 2004 burning rates
from U.S. Carbon Dioxide Information Analysis Center (CDIAC)
website, http://cdiac.ornl.gov/trends/emis/tre_glob.htm.
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TABLE 15-2 Fossil-Fuel Consumption by Geographic

Region
Consumption rate,

Region Gton(C)/yr
North America 1.8 1.9+
Central and South America 0.4
Western Europe 0.9
Eastern Europe (incl. Russia) 0.8
Middle East 0.4
Africa 0.3
Oceania (Australia and Japan) 0.4
China and Vietnam 1.4 23

Source: 2004 burning rates from U.S. Carbon Dioxide Information
Analysis Center (CDIAC) website, http://cdiac.ornl.gov/trends/
emis/tre_glob.htm.



Where does the United States stand?

World Carbon Dioxide Emissions from the Consumption and Flaring of Fossil Fuels, 2006
(Million Metric Tons of Carbon Dioxide)

World: 36 Gton CO,
9.9 Gton C

[7] China : 6017

B Usa : 5902

[ Russia: 1704

[ India : 1293

B Japan : 1246

[l Germany : 857

P Canada: 614

[] United Kingdom : 585
B South Korea : 514

B Iran: 471

[7 Rest of the world : 9987

Source : Energy Emission Administration




US:

e About 1.7 Gton annual emissions in 2006
(probably grew to 1.8 or so by 2008, and
then fell 2.8% 1n 2008 because of that little

economic crisis ... 1.9 Gton now)

e China now emits more than the U.S. (about
2.2 Gton)

e U.S. per capita emissions are well over S
tons per person per year, China’ s are about
1.5 tons per person per year.



Where does Wyoming stand?

~42( million metric tons coal exported

~90 million metric tons produced in-state
(power exported)(i.e., emissions)

90 million metric tons for 0.5 million people is
180 tons per person. 1.3 tons per person global
average, 5.2 tons per person is US average!

Only about 70% of total coal mass is carbon:

390 MMT/8000 MMT = 0.0613, or 4.8% of
global emissions and 490 MMT/1800 MMT =
0.22, or 22% of U.S. emissions!
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Deep ocean
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Horizontal Grid (Latitude-Longitude)

Vertical Grid (Height or Pressure)

Physical Process in a Model
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“Business as usual”
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Uptake by the oceans
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