CO2 Concentration (ppm)

GEO 2200 Physical

Mauna Loa Observatory, Hawaii
Monthly Average Carbon Dioxide Concentration
Data from Scripps COZ Program  Last updated August 2008
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FiG. 3. Record of mean higher high water (MHHW) from

Cedar Key, Florida, USA. Open symbols indicate estimates
from tide records at Pensacola, Florida.
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FIGURE 10-34
July temperature forecasts.

Lecture 2829 October2009: Anthropogenic
Influence of Climate Variation
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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 @distddc&ki@@ Sud (LB00U0 yr cycle)
I Precession (Wobble) of Earth on axidt of axis during different times of
the year (26,000 yr cycle)
I Obliquityc angle of tilt (ecliptic vs. equatog)seasonality (40,000 yr cycle)
1000 Years of Global Temperatuslow decline until last century
160 thousand years of climate changhighly variable

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

PaleoclimatologyHow we know.

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

MAIN POINTPaleoclimatgclimates 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.



This Time

A Climate Change in the News
A Atmospheric C@and 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.

I 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 CQand other radiatively active gases to the
atmosphere.



Climate Change in the News

Global events mark magic number on climate
change

(AF) — 4 days ago

MEW 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.5. 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 environmentalist 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. "Mothing like that
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i Earth

L

(b) Earth's wobble (c) Variation of fil

J.E. KUTZBACH AND T. WEBB Ill

18 15 12 9 6 3
L 1 1 1 1 1

-
[s}
o
]
-

*, S
e, JJA

Aerosol
Land ice (%)
o
o

330 -‘

) U

w N = OO0

1 T -
~

CO2 (ppmv)
N
D
(4
ASST (K)

N
[=]
o

ANH. Solar radiation (%)

r T T T T T
18 15 12 9 6 3

------ Ice reee GOz

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

Cycle 2: Precession of Earth on

Il ts axis, or nAwob
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 T seasonality i cooler summers = more ice accumulation



1000 Years of Global Temperature
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reconstruction (40 year smoothed)
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Fig. 2. Reconstruction of Northern Hemisphere temperature anomaly trend from 1000 A.D. to pre-
sent (Mann et al., 1999; see also Mann et al., 1998] from dendroclimatic, coral, and ice-core
proxy records as calibrated by instrumental measurements {Jones and Briffa, 1992]. Thin curves
give reconstruction and raw data from 1000-1998 A.D. Smoothed version (thick solid), linear
trend from 1000 to 1850 A.D. (long dashed), and two standard error limits (shaded) are also

shown.

Source: Jones et al.
1999. EOS.



Atmospheric Compositioga { U 6 f S
Components of the Troposphere

A Gas % by Volume ppm
AN, 78.084 780,840
A O, 20.946 209,460
A Ar 0.934 9,340
A CQ 0.038 380
A Ne, HeCH, Kr  0.0025 25
A O, (Ozone) Variable

A N,O, H, Xe Traces

A H,0 (Water Vapor) Variable around 2.5% by mass
A Major greenhouse gases in red.

d DNXB Sy K 2 dzdaSiatizly actvé gtmospheric
ases that absorb shortwave radiation and emit
ongwave (thermal) radiation.



CQ and Temperature



