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Main Topics

» Components of the climate system
* The greenhouse effect
« Climate variability & proxy records

» The carbon cycle

* The inconvenient truth

Components of the climate system
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The Atmosphere
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*nitrogen (78%)
*oxygen (21%)
*other gases (-1%)
«water vapor (~2%)
*argon (0.93%)
«carbon dioxide, CO,
(0.037% ; 370 ppm)
*0zone
* methane
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Pressure (mb)

Rotation of Earth
Coriolis forces

Convection in troposphere transports
heat from equator to poles

Hydrosphere: Surface ocean currents
heat transport from equator toward poles
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Hydrosphere: Thermohaline ocean currents
ocean conveyor of heat

Cold, salty, deep current
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Cryosphere

* Ice Component ' St
* ice sheets '

. glac!ers Py e
* seaice A T
« frozen lakes | ¢iporte = Alasil "4
and rivers S
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albedo (fraction of

energy reflected)
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* Antarctica
» Larsen B ice shelf »a
» 220 m thick ice floating on water

Biosphere
+ All organisms living near Earth's surface
Plants & animals
Microbes: marine & terrestrial

g
Ocean chlorophyll index Land vegetation index
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Components of the climate system

Salar heating
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205 W e and Copry « Land surface: absorbs & returns solar energy
» Topography: affects wind and rain patterns
* Volcanism:  atmospheric aerosol & dust levels

Earth’s energy balance

2 Heat flowing out of Earth’s
deep interior is much smaller
— only 0.06 W/m?.
1 Solar energy input to
Earth’s surface is, on
average, 342 W/m2,

3 Therefore, heat radiating
from Earth must balance
solar input.

Sun

* 50% Visible radiation
* 25% Ultraviolet
* 25% Infrared

Earth's albedo {31%] is energy reflected by

clouds [22%) and Earth's surface (9%].The

i i i iation i To achieve radiation balance, Earth radiates
the sum of the radiation absorbed by the

ki

and surface b P

solar
absorbed by Earth's atmosphere (20%) and

the surface (49%).

Reflecied solar radiation  Outgeing infrared
(albedo), 31% rodiation, 9%

Incoming salar 67 W/m* 168 W/m*
nel from net from




Positive & Negative Feedbacks

» Water vapor
* As T rises, water vapor rises
» Greenhouse effect enhanced
* Albedo
» As T rises, ice in cryosphere reduced, albedo reduced,
more energy absorbed by surface
» Surface T must rise, greenhouse effect enhanced
« Radiation
» T rises, amount of infrared energy radiated back to space
increases, surface T lowers, greenhouse effect stabilized
 Plant Growth
* More CO, in atmosphere — more plants
 But plants convert CO, to organic C
» Overall, greenhouse effect reduced
* Interplay is complex, poorly understood

Climate Variability: Proxy Records

» Knowing how climate has changed in past is key to
predicting future climate change

* Pleistocene Ice Ages
» Wisconsin glaciation peak ice volume 18,000 years ago
 Latest in series of ice ages
» Best proxy records of past ice ages:

* Ocean sediment cores
Needle

Foraminiferan
* Polar ice cores

« Antarctica

Ice extent: peak of Wisconsin glaciation
* Larger ice sheets; less extensive oceans

R

Figure 159
Uinderstersding Erth, Fifth Edition
T —




Climate Variability: Proxy Records
* Ocean sediment cores—Oxygen isotope records
« 160 lighter, evaporates preferentially relative to 80
» Thus, when Earth is cool and ice sheets large, seawater and

sediment precipitated from it have a high 180/'60 ratio

« Changes in the 80/'%0 ratio record changes in global temperature

» Polar ice cores—Oxygen isotope & gas records
« Stratigraphic records are of annual climate changes
» When ice sheets grow large, taking more 160 than 180 from
the oceans, ice has a low '80/160 ratio

* Bubbles of air trapped in ice give concentration of CO,, CH,

1 There is a decline in both 3 Climate has been relatively
VOSt0k temperature and greenhouse  warm and stable during the last
i gas concentrations during 10,000 years—the Holocene
ice core glacial periods... interglacial period.

2...and a rapid
rise during
deglaciation.
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Climate Variability: Processes
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« Milankovitch Cycle Theory

b. 1879 / d. 1958 (Serbian Mathematician)

(1930) Mathematische Klimalehre und astronomische Theorie der
Klimaschwankungen
(Mathematical science of climate and astronomical theory of the
variations of the climate)

« Earth's climate determined by its position and orientation

relative to the sun

« Eccentricity of Earth's orbit

« Tilt of rotation axis

* Precession of rota

tion axis

(100,000 year cycles)
(41,000 year cycles)
(23,000 year cycles)

Eccentricity (100,000 years)

High eccentricity

Tilt (41,000 years)

121.5" to 24.5°

xis of
rotation

Milankovitch Cycle Theory

Precession (23,000 years)

Wobble of axis =~

»-

100,000 year cooling
cycles i

* major Pleistocene
glaciations largely
eccentricity-driven

« Shorter variations
« tilt & precession
« positive feedbacks

« Abrupt changes
* Melting 14,500 years
ago
+ Rapid onset of Younger
Dryas ice age 13,000 to
11,500 years ago

« Rapid change in
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atmospheric circulation i
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* Regional 1 During normal years,warm surface
waters in the Pacific lie in the east,
patterns
superimposed
on global
climate
changes

4 Periadically, the pattern
| oscillates to an El Nifa, in
which warm waters shift east.

« El Nifio-
Southern
Oscillation
ENSO —

7 La MiAa is characterized by colder
sea-surface temperatures and stronger

) trade winds in the sastern tropical Pacific.
« Atmospheric

circulation
interactions with
sea & land
surface

The Carbon Cycle
» Geochemical Cycles
» Geochemical reservoirs
» Residence time = capacity/influx = average time in reservoir
+ Chemical reactions

« Ca2* + 2HCO, = H,CO, + CaCO,
« H,CO, = H,0 + CO,

« thus, cycles of C and Ca are coupled

» Transport across interfaces

Transport processes between
components of the climate system

[ATHOSRHERE
Land-sea transport of dust,
moisture, and other gases

:’:ma!:}:ﬁ. (’- = i - %ﬁﬂpﬂa!mn
and gases Gas

|




The Calcium Cycle

* River inputs to ocean balanced by sedimentation
« residence time = reservoir size/flux in = 600,000 years

l Calcium dust (0.01Gt/yr)

LITHOSPHERE
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The Carbon Cycle

« Four reservoirs

« Four subcycles
« air-sea gas exchange; photosynthesis; dissolved organic carbon; carbonate weathering
. T, wind ; respiration/decay; to oceans--to air ; bicarbonate->ppt shells

ATMOSEHERE(1730lG1]

€0, f
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0.4 Giyr)

Anthropogenic perturbations of carbon cycle

1 Human activities release a total 2 New plant
growth and 3 _..yleldi t
of 7.1 Gt of carbon into the alr-sea gas exchange “&,FE;;T:‘.W.

remove 3.8 Gtlyr,... of 3.3 Gtiyr.

(1.9 Gtiyr) * saturation of reservoirs
[1.9 Gtiyr) « temperature rise
« shifts in fluxes uncertain

Fassil argan Rock
corbon | corbonates
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Anthropogenic perturbations of carbon cycle

« Industrial revolution: fossil fuel burning
« deforestation
« enhanced greenhouse effect
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Anthropogenic perturbations of carbon cycle

20t century rise in CO, & T is

Climate Change anomalous compared to last millenium
« CO, is higher than it has ever been in
H last 20 million years
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