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Climate Change

Oxygen Isotopes and Temperature

· The 18O/16O ratio in CaCO3 fossils is an indicator of climate when the organism lived

· Warm Climate removes more light 16O from oceans

· Oceans become 18O enriched

· CaCO3 shells become 18O enriched

· Continental snow and ice

· becomes 16O enriched
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Atmospheric compositions of inner planets:

· Venus:

· Intense solar radiation, trapped by dense mostly CO2 atmosphere ( surface temperatures  427oC

· Mars:

· Less solar energy, but thin atmosphere is mostly CO2, so holds heat effectively, maximizing surface temperature at about 30oC (86 oF)

· But usually much colder, even getting as cold as -120oC

· Before life, the atmosphere was full of CO2 

· Greenhouse effect

· Surface temperature about 290oC (550oF) 

· Earth's atmosphere had a radical change

· CO2 rich to CO2 poor
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Early Earth - Runaway Greenhouse

· Changes in Earth's atmosphere was caused by life processes

· Plants remove CO2 by photosynthesis

· CO2 dissolves in water, is absorbed by marine life

· CO2 is chemically tied up in limestone

· CaCO3 from shells, reefs, algae

· ≈ 20 atmospheres of CO2 is in limestone
· Removed enough CO2 for other life to survive

· lowered temperatures
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Climate History of the Earth

· Sedimentary rocks contain information about climate history

· Warm climates indicated by:

· Fossil reefs, limestones

· Aluminum ore bauxite (tropical soils)

· Evaporite minerals such as salt

· Cold climates indicated by:

· Erosion by glaciers 

· distinctive marks and debris deposition
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Between 1,100 & 750 MYA

All continents coverged into Rodinia


Rodinia is Russian for "motherland"

700 MYA - Great Ice Snowball (a theory)


Ice 1 mile thick covered the Earth

630 MYA breakup of Rodinia due to internal heat build up in planet Earth

Volcanoes created greenhouse effect and melted the ice

Pangea formed 225 to 500 MYA


Formed Appalachian and Ural Mountains
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Climate History of the Earth

· Biological evolution caused a rise of atmospheric oxygen during the Precambrian (1,500 to 550 million years ago). 

· Then another rise ≈ 300 million years ago (start of Permian) based on models of the geochemical cycles of carbon and sulfur.

· Oxygen has stayed about the same during the last 600 million years.
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Climate History of the Earth

· Late Paleozoic glacial interval (ice age)

· 360 to 260 million years ago (Permian)
· Cold and wet

· Large Continental Land Mass at S. Pole
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Late Paleozoic Ice Age

· 360 – 260 million years ago

· Pangaea’s southern region near poles accumulates snowfall, builds continental ice sheets 

· (S. America, then Africa, Antarctica, finally Australia) 

· Equatorial (east-west) ocean circulation was blocked by by Pangaea which extended far to the north 

· Asia, N. America, Europe

· Diverted warm ocean currents to flow north and south to the poles, creating more clouds & snow

· Ice Age may have ended because Pangaea broke apart
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Late Paleocene- Early Eocene Torrid Age

· 65 – 55 million years ago

· 65 to 55 million years ago

· Hot and wet

· Global warming event 

· could be a model for our current warming.

· The other possibility is the Triassic

Factors to Create Torrid age( 65-55 Ma)

· Equatorial zones were oceans

· allowing more absorption of solar heat by water

· As oceans warmed

· snow and ice melted

· more land was exposed which absorbs more heat

· Opening North Atlantic Ocean

· released huge amounts of lava and gases, increasing global warming by greenhouse effect

Factors to create Torrid Age

· Dense, salty, oxygen-poor tropical water sank to bottom, warming oceans from bottom up

· Massive extinction of ocean life

· Absence of cold, dense, sinking water at poles

· Sluggish ocean circulation

· Warm water melted methane hydrates on seafloor, releasing methane gas (CH4) to atmosphere

· Methane is powerful greenhouse gas, caused further warming
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Late Cenozoic Ice Age

· Current glacial interval (ice age) 

· Cooling since 34 million years ago 

· (late Eocene)

Late Cenozoic Ice Age

Long-term cooling from temperature peak at 55 million years ago ( current Ice Age

· 55 million years ago: methane reduced in atmosphere, began cooling

· 40 million years ago: Antarctica surrounded by cold water

· 34 million years ago: glaciers widespread in Antarctica

· 14 million years ago: continental ice sheet on Antarctica, mountain glaciers in northern hemisphere

· 6 to 5 million years ago: Mediterranean Sea was dry

· 7 to 4 million years ago: walking upright Hominins

· 3.6 to 3.4 million years ago: brief sudden warming 

· 2.7 million years ago: continental ice sheets in N. hemisphere

Late Cenozoic Ice Age

Factors in cooling:

· Continued opening of Atlantic

· Continental masses in polar regions

· Antarctica at South Pole and Eurasia near North Pole

· More snow and ice at poles reflected more sunlight

· Stopped East-West Ocean Circulation

· Forced warm water to poles, creating more clouds and snow. 

· Closing of Mediterranean

· Closing of Isthmus of Panama by uplift (3 to 2.7 Ma) 

· Uplift of Tibetan plateau and Colorado plateau

· deflected west-to-east atmospheric circulation in mid-latitudes

· Antarctic Ice sheet formed 35 Ma when CO2 dropped below 750 ppm

Glacial Advance and Retreat

Timescale is Thousands of Years

· Last 1 million years: about 10 glacial advances, retreats

· During the last 650,000 years low CO2 always coincides with ice age

· Glacial advances lasting almost 100,000 years

· Followed by retreats lasting decades to few thousand years – much faster than advance

· Caused by cycles in Earth’s orbit around Sun

· affecting amount of solar energy received by Earth

· Changes postulated in 1920s by Serbian astronomer Milankovitch and supported recently by Greenland ice cores
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Milankovitch Theory

· Changes in Earth’s orbit, tilt and wobble

· changes in amount of solar radiation received by Earth

· Decrease of solar radiation at high latitudes during summers allows snow collect annually & glaciers to grow

GEOL 4327
Chapter 12

Milankovitch Theory

· Changes:

· Eccentricity of Earth’s orbit around Sun: varies every 100,000 years from circular to elliptical as dominant control of glacial advance and retreat

· Tilt of Earth’s axis: 21.5 – 24.5o off vertical in 41,000 year cycle

· Precession of tilt: direction of tilt changes (wobble) in double cycle of 23,000 and 19,000 years
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Around 20,000 years ago:

· Glaciers at maximum extent, covered 27% of today’s land

· Virtually all of Canada, part of northeastern U.S.

· Seawater necessary to build glaciers lowered sea level 130 m

· Greenland ice-cores: warming began 15,000 years ago

· 18O, CO2, methane contents increased
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Timescale in Hundreds of Years

Climate Variations

Temperature conditions following 20,000 years ago:

· Warming began, then interrupted by Older Dryas cold stage

· Cold interval replaced by warmth of Bolling period

· Much Colder in Younger Dryas stage

·  12,900 to 11,600 years ago (fresh meltwater cut off vertical circulation) 

· Current interglacial period

· The Younger Dryas were named for the sudden return to more southern latitudes of the cold adapted plant (Dryas octopetala).
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Cause of sudden changes in temperature:

· Melting of continental ice sheets left behind huge cold lakes with ice dams

· Failure of ice dams released enormous amounts of fresh, cold water into surface layers of ocean, disrupting circulation pattern for 1,100 years

· Rise in sea level from melting of glaciers

· This happened numerous times
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About 9,300 years ago

Lake Superior ice dam failed

Lake decreased 45 meters in elevation

Injected fresh cold water in Atlantic

Caused considerable N. Hemisphere cooling

(Science June 4, 2010, page 1203)

At 7,000 years ago:

· Warmer global temperatures, higher rainfall totals ( climatic optimum

· Since then average global temperatures have fallen 2oC

· Smaller cycles of glacial expansion and contraction within cooling trend

Climate Variations:

Timescale in Hundreds of Years

· Combined effects of Earth’s eccentricity, tilt, wobble caused cooling trend

· Evidence of temperature changes:

· Oxygen isotopes in glacial ice layers 

· Annual growth rings of corals

· Tree ring widths and densities

· Tax records of grain and grape crops

· Advances and retreats of mountain glaciers

· Cooling trend also caused by a decrease in energy from the sun & more scattering of sunlight due to volcanism

Climate Variations:

Timescale in Hundreds of Years

Variations within cooling trend:

· Medieval Maximum: 1000 to 1300 C.E. 

· Little Ice Age: 1400 to 1900 C.E

· Maunder Minimum: 1645 to 1715 C.E. 

· Minimal sunspot activity

The Twentieth and Twenty-First Centuries

· Average global surface temperatures rose 0.6 oC in 20th century (highest in past 1,000 years) 

· Changes in Earth’s orbital patterns ‡ 0.02 oC decrease

· Hotter Sun ‡ more than +0.4 oC

· Human activities 0.4 oC
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Current conditions:

· Wobble puts Earth closest to Sun during northern hemisphere winters ( milder summers and winters than southern hemisphere

· Eccentricity and tilt acting to cool climate

· Glacial advances and retreats are synchronous in both hemispheres, through heat transfer in ocean and atmosphere

· Glacial retreat within Ice Age:

· 10% continents still buried under ice

· If ice melts, sea level would rise 65 m
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· El Niño

· Typical conditions in Pacific (without El Nino effect):

· East winds ‘push’ warm surface equatorial water to western Pacific

· Western Pacific water absorbs solar energy and warms

· Heavy rainfalls in Indonesia and southeast Asia

· N and S America coasts have upwelling of cold, deep water to replace surface water blown westward
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· El Niño

· Arrival of warm ocean water to Peru, Ecuador often near Christmastime, affecting climate

· El Niño conditions in Pacific:

· When east trade winds are absent, piled-up warm surface water flows ‘downhill’ from western to the coast of the Americas

· Warm surface water evaporates easily and causes increased rainfall to western North and South America

· Decreased hurricane risk to Atlantic Ocean

· La Niña

· Cool equatorial waters dominate equatorial Pacific

· Drought in North America

More hurricanes in Atlantic
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· El Niño 1982-83:

· Cold-water fisheries off Peru and Ecuador collapsed

· More evaporation ( torrential rainfall, floods, landslides killed 600 people in Peru and Ecuador, economic loss

· Heavy rainstorms in western U.S.: $300 million in damages, 10,000 people evacuated, 12 people killed in California

· Hurricanes more active in Pacific

· Australia and Indonesia had lower rainfall and droughts ( bushfires killed 75 people, $2.5 billion in damages

Climate Change

Volcanism and Climate

· Large Plinian eruptions blast fine ash and gas to stratosphere

· Ash and sulfuric acid creates haze for years, blocking incoming sunlight

El Chichón, 1982: Four big Plinian eruptions

· 100 times SO2 gas emitted into stratosphere than Mount St. Helens

· SO2 cloud took 23 days to circle globe ( spectacular sunsets

· Lowered global average temperature 0.2oC

· Followed by El Niño of 1982-83

· El Niño twice as likely after major eruption

Mount Pinatubo, 1991: Eruption pumped 20 million tons of SO2 into stratosphere

· Reflected 2-4% of incoming solar radiation ( 20-30% decline in solar radiation reaching ground

· Average global temperatures dropped 0.5oC

Included 1oC drop in U.S., offsetting global warming

GEOL 4327
Chapter 12

Climate Change

When did Humans begin adding to greenhouse warming

· 8,000 years ago: cutting and burning forests for agriculture began adding CO2 to atmosphere

· 5,000 years ago: wetlands technique of rice-growing began adding methane to atmosphere

· These agricultural practices may have warmed climate by as much as 0.8oC over thousands of years

· Occurred over thousands of years

· Unlike current changes over decades
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Greenhouse Effect Today

· Greenhouse effect has always acted to warm Earth climate; strength has varied

· About 10 petagrams (1016) (100 billion lbs) of Carbon are released by fossil fuel burning each year.

· About half goes into the oceans and biosphere

· half stays in the atmosphere. 

· Humans add Greenhouse gases to the atmosphere

· Carbon dioxide (CO2)

· Methane (CH4)

· Industrial gases such as CFCs

· These gases trap heat in Earth’s climate system
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Carbon Dioxide

· Causes about 60% of greenhouse warming

· Carbon cycle:

· Major building block of life on Earth

· 20% of CO2 removed from atmosphere by photosynthesis

· After plant death, oxidation returns CO2 to atmosphere and into water

· Humans decompose plants at faster rates (burning wood and fossil fuels) ( CO2 increases in atmosphere and water

· 1800: CO2 concentration in atmosphere 280 ppm

· 2004: CO2 concentration in atmosphere 380 ppm

· 2015: CO2 concentration in atmosphere 398 ppm
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Methane

· Causes about 16% of greenhouse warming

· 21 times higher heat-trapping ability than CO2

· Risen more than 150% since 1750 (700 ppb)

· Released during decomposition of vegetation in oxygen-poor environments

· 70% given off by human activities:

· Burning fossil fuels

· Growing rice

· Maintaining livestock

· Landfills

· Burning wood

· Rotting animal waste and human sewage
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The Group of Seven World leaders (G7) met in Germany for their 41st summit in June 2015.


Reduce fossil fuel use 40 to 70% by 2050.


1st approach is to eliminate subsidies


This should reduce usage by 20%

Global Warming is causing the Alaskan permafrost to melt


Homes in Alaska are being threatened


Roads are being damaged



Dalton Highway is affected in 43 places


Energy infrastructure is being damage
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Ozone Destruction

Chlorofluorocarbons (CFC's)

Not naturally occurring

Coolants in refrigerators and air conditioners

Foam insulation in buildings, solvents, printed circuits

Destroys ozone in stratosphere and doesn't get used up

Half life ≈ 40 years, destroyed by UV in upper atmosphere

Nitrous Oxide (N2O)

More damaging to Ozone than CFC's

N2O mostly comes from soils, 30% from fertilizer

N2O destroyed by oxygen in upper atmosphere, 

half life ≈120 years
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20th Century Greenhouse Gas Increases

· The Ozone hole will be healed by 2050, but at present it is causing the jet stream to move closer to the S. pole and causing increased global warming by stirring up the troposphere

21st Century

· Global climate models (GCMs): complex computer simulations of global climate change

GCMs emphasizing CO2 atmospheric increases predict temperature rise of 1.5 to 4.5oC in next 50 to 100 years
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Likely climate changes: 

· Significant melting of 

· mountain glaciers (already almost gone)

· edges of Greenland ice sheet (already melting)

· West Antarctic ice sheet

· North Polar cap (already melting)

· Melting ice (and expanding warmer seawater) will raise sea level 30 cm to 1 m
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· Widespread drought occurred in the Amazon basin in 2005 making parts of the Amazon more like the Savanna.

· For the third year in a row in 2007 the Earth's northern ice cap has shrunk alarmingly (less than 2,500,000 sq miles and still shrinking), ref. National Snow & Ice Center.

· We are 30 years ahead of what the models show.



By 2050, there will be no arctic ice in the summer.

Aqua satellite launchd 2002

AMSR-E: Advanced Microwave Scanning Radiometer-JAXA


6.9, 10.7, 18.7, 23.8, 36.5, 89.0 Ghz

http://nsidc.org/data/seaice_index/archives/image_select.html

http://nsidc.org/sotc/sea_ice.html

Climate Change

Drought and Famine

· Times of abnormal dryness

· No rain

· vegetation die

· food supplies shrink ( famine

· Tends to drive people apart rather than bring together

500 mb Ridge caused drough in the 1930 and dust storms 1934-1936.  Same as 2011.

Bermuda high moved over U. S. - hot, dry winds killed plants and eroded soil into dust clouds

Blame mistakenly put on farmers for plowing up native grasses
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Sub-Sahelian Africa, 1968-1975

· Southern margin of Sahara Desert, home to 25 million people – herders and subsistence farmers

· Converging trade winds give rain of 14-23 inches during June & July 

· In 1968-75, trade winds moved south

· 200,000 people killed

· Next drought will be worse

· Deforestation
· hard ground
· population growth
