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Influence of Climate Variation

This Time

A Climate Change in the News
A Atmospheric Coand Global Temperature
A Anthropogenic drivers of climate change.
A Main points
i Climate is changing, again.
I The trend is warming during a period of astronomical
forcing that should lead to cooling.

Human activities are responsible for a significant amount
of the warming because they are shaitcuiting the

global carbon cycle by mining and burning fossil fuels,
adding C@and other radiatively active gases to the
atmosphere.

M Ilan kOVItCh CyCIeS Cycle 1: Eccentricity, or shape of

Earthoés orbit aro
100,000 years shape changes from
nearly circular to elliptical and back.

Cycle 2: Precession of Earth on
its axis, or fAwob
spinning top, the axis turns with
about a 26,000 year cycle.

11,000 years from now, the

southern hemisphere will be

closer to the sun in July.

Cycle 3: Obliquity, or angle of the
axis to the ecliptic (now 23.5
degrees), varies from 22 to 24.5
degrees over a 40,000 year cycle.

Cycle 4: Variation of time of aphelion
and perihelion, cycles over 18,000
years.

All these change insolation i seasonality i cooler summers = more ice accumulation
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Last Time

Climate Variation at Millennium, Century, Decade time scales.
MilankovitchCycles

i Time of Perihelion and Aphelion (18,000 yr cycle)

i Eccentricitycd K LIS 2 F @Qdistddcdi@@ Sub ({BO0T0 yr cycle)
i Precession (Wobble) of Earth on axisit of axis during different times of

the year (26,000 yr cycle)

i Obliquityq angle of tilt (ecliptic vs. equator)seasonality (40,000 yr cycle)
1000 Years of Global Temperatuslow decline until last century

160 thousand years of climate changighly variable

2 million Years of Climate Change (19 Glacial, 20 Interglacial peneglare in
aninterglacial)

PaleoclimatologyHow we know.

MAIN POINT: Climate is variable at all scaissALWAYS changigghanges
driven by astronomic factors and atmospheric factors

MAIN POINTRPaleoclimate(climates of the past) are known from multiple lines
of evidence from all over the globe, all of which point to the same patterns,
trends, and processes of climate.

Climate Change in the News

Global events mark magic number on climate
change

(AP) — 4 days ago

NEW YORK — Activists held events around the world Saturday to mark the number they say

the world needs to reach to prevent disastrous climate change: 350.

The number represents 350 parts per million of carbon dioxide emissions in the atmosphere that
some scientists say is the safe upper limit. The atmosphere currently reaches about 390 parts
per million. according to research by NASA climate scientist James Hanse cited by 350.0rg.

Hundreds of events highlighted the number in different ways.

In what 350 org founder Bill McKibben called a global game of Scrabble, groups in Australia,
Ecuador. India. the United Kingdom, the U.S. and Denmark each spelled out one of the numbers
in 350. Hundreds gathered in New York City's Times Square and watched slideshows of the
other events on giant screens.

McKibben. an emvironmentalist and author of "The End of Nature.” said the day was unique
because it emphasized the science behind a politically complicated topic.

"It was ordinary people rallying around a scientific data point,” McKibben said. "MNothing like that

1000 Years of Global Temperature
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Atmospheric Compositiogda { G 6 f S
Components of the Troposphere

Gas % by Volume ppm
N, 78.084 780,840
20.946 209,460

0.934 9,340

0.038 380
,HeCH, Kr  0.0025 25
(Ozone) Variable

L0, H, Xe Traces

L0 (Water Vapor) Variable around 2.5% by mass
Major greenhouse gases in red.
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Vostok ice core and past carbon dioxide concentrations.

Drivers of climate and climate fluctuation
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CQ and Temperature

Figure 1: Changes in Carbon Dioxide and Temperature
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Figure 1: Fluctuations in temperture (red line) and in the stmospheric concentration of carbon dioxide (yellow) over the past
649,000 years, The vertical red bar at the end is the increase in atmospheric carbon dioxide levels over the past two centuries
and before 2007,
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' I A cqgqFossifuel use and land
use change (deforestation)

A CH, ¢ Agriculture and fossiuel
use

- A N,O¢ Agriculture

A H,0¢ water vapor (not shown)
concentration in the
atmosphere is not directly

18 controlled by human activities,
] but is controlled by
T temperature.

e e |
5000
Time (before 2005)

Source: IPCC 2007



http://www.ipcc.ch/

Carbon Cycle

Gaseous Cycle
Cycling Time:
minutes to hours to
years for gaseous
cycle;
hundreds of millions
of years for
sedimentary cycle.

Sedimentary
Cycle

Source: Smith, R.L. 1992. Elements
of Ecology. Harper/Collins
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Observations and Proxy Estimates

Source: IPCC 2007. Technical Summary

Mauna Loa Observatory, Hawaii
Monthly Average Carbon Dioxide Concentration
Mauna Loa Record and Fossil Fuel Trend
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Source:

http://scrippsco2.ucsd.edulgraphics_gallery/mauna_loa_record/
mauna_loa_fossil_fuel_trend.html

Data available at
http://scrippsco2.ucsd.edu/data/atmospheric_co2.html

10/29/2009

Modified slightly from the
source:

Black Curve: Monthly
average atmospheric
carbon dioxide
concentration versus time
at Mauna Loa
Observatory, Hawaii
(20°N, 156°W) where
CO, concentration is in
parts per million in the
mole fraction (p.p.m.).

Red Curve: Fossil fuel
trend of a fixed fraction
(57%) of the cumulative
industrial emissions of
CO, from fossil fuel
combustion and cement
production.

Intergovernmental Panel on Climate Chang
(IPCChttp://www.ipcc.ch/

Observations
Global
Temperature
Variation
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