S. Blenko Notes on Schrag

The Chemistry of the Climate- CO2 Levels and the Atmosphere

o       Dr. Keeling created a curve of CO2 levels in the atmosphere based on his research in Hawaii

o       It shows that from the 1960s, when the CO2 levels in the atmosphere were about 315 parts per million (ppm), until 1998, where CO2 levels are 380 ppm

o       The rising level of CO2 causes global warming, because it’s a greenhouse gas

o       The atmosphere of Venus is made up of 99% CO2, compared to Earth, where it makes up less than 1%

o       This makes Venus incredibly hot- 460 degrees Celsius compared to an average of 13 degrees Celsius here on Earth

o       Earth gets 340 watts per meter² of solar energy each year, and roughly 100 w/m²is reflected back into space each year

o       Venus gets 650 w/m² each year, and 515 w/m² is reflected back into space, which proves it is the atmosphere, and not the heat generated on a planet, which affects the climate

o       If Venus had the same atmosphere as Earth, because of its reflective ness, it would be cooler than Earth

 
Earth’s “Thermostat”
o       Earth’s “thermostat” – explains the idea of a ‘Faint Young Sun’ 

o       Stars, such as the Sun, eventually burn out because what they do is convert 4 hydrogen atoms into 1 helium atom, which releases energy, but when the hydrogen runs out the star has nothing left to burn and just dies

o       Scientists noted the Sun has been increasing in brightness and intensity since it was created 5  billion years ago

o       This is because the reactions between hydrogen have been occurring closer to the surface of the sun as helium sinks to the core of the Sun

o       Scientists were baffled because they wondered how could life have existed 3 billion years ago, when the Sun was much dimmer and cooler.

o       They realized CO2 levels had been decreasing as the Sun grew brighter and hotter, causing the temperature to remain level

o       However, they didn’t know why this happened

o       Eventually, this was explained by the Carbon Cycle- CO2 is put in the atmosphere by volcanoes, and lowers when CO2 and water react to make carbonic acid, which reacts again with silicate rock to create calcium carbonate, or chalk (thus storing the carbon in a solid -  rock). 

o       This solves the Faint Young Sun problem because this reaction quickens when it is heated, so as the Sun heats up, the reaction speeds up, and the temperature is maintained as CO2 levels go down.

o       However, as we burn carbon and volcanoes continue to emit CO2, the reaction takes the same amount of time because the Sun isn’t brightening as fast as we omit CO2, so temperatures are rising

 
How We Know About the Past Climate

o       Using drilling ships, we take core samples from the ocean floor

o       The sediment from the ocean floor is made up of millions of shells; one is called foraminifera

o       Scientists pick out individual shells and measure the chemistry of the shells, which have different oxygen isotope ratios

o       Oxygen has 8 protons, and in most cases 8 neutrons, so that kind of oxygen is called oxygen 16.

o       However, one isotope of oxygen has two extra neutrons, which makes it oxygen 18. It acts like regular oxygen, but it is a bit heavier and other chemicals prefer to bond with the heavier isotope - oxygen 18

o       Ratios of oxygen 18 to oxygen 16 have been found in foraminifera, and its been discovered that the ratio decreases as temperatures increase

o       This basically tells us the relative temperature of the ocean at different points in time

o       The temperature has been going up and down, and right now it is very cool- the temperature of the ocean has cooled 10 degrees celsius since the Eocene

o       Oxygen 16 evaporates quicker than oxygen 18 because of its lower density, so water with oxygen 16 is what makes up most clouds

o       So ice and glaciers are made up of mostly oxygen 16, and seawater has more oxygen 18. This means we can tell when there were more glaciers, because of how much oxygen 16 was actually in the ocean at different points in time

 
Climate In Various Periods of Earth’s History

o       The Eocene, 55-36 million years ago, was the last time CO2 levels were above 500 ppm

o       It was REALLY warm- the sea level was 300 feet higher than today and there were no ice sheets at the poles. 

o       There’s a point where it suddenly got cooler though

o       Technically, we are still in an ice age, because there is ice on land, but we’re coming out of it

o       The depth of the last ice age was 20,000 years ago, when CO2 levels were only 180 ppm. Today we’re in an interglacial period, where there is still ice, but not lots and lots of it

o       CO2 levels have risen higher than in any interglacial period in the last 400,000 years, and it’s rising faster than ever before, so we may have broken the cycle of ice ages- the last time the CO2 levels were this high was the Eocene

 
How We Can Tell Climate Change is Really Happening and Global Warming isn’t Part of the Pattern of Ice Ages

o       Ice sheets at very high elevations at the equator are melting- ice sheets that haven’t melted in millions of years

o       Ice sheets on Kilimanjaro didn’t really change between 1912 and 1970, but between 1970 and 2000, they’ve been retreating quickly

o       Even over the past 6 years, melting on Kilimanjaro has increased drastically- the ice might be gone by 2016

o       These first great meltings warn of more to come

Ocean Convection and Climate

o     The circulation of the ocean is determined by winds, currents, and density of the water, which is determined by salt content and the heat of water

o     Despite popular belief, if ocean convection stopped or changed, North Europe wouldn’t get that much colder

o     The ocean stores heat and levels temperatures and brings some heat to England , but not much

o     Winds cause most weather change, for example, the Alberta Clipper brings a few cold weeks to New England most winters

 
Hurricanes and Glaciers

o     People didn’t know if global warming would affect hurricanes all that much

o     Studies show that if global warming continues, as sea temperature rises, hurricane intensity, duration, and frequency will increase, which is a huge problem

o     It was once thought that Greenland’s glaciers would be around for thousands of years, but now scientists aren’t sure, and think it may be closer to a hundred

o     This would raise sea levels worldwide- up to 7 meters ( if Greenland melted).

 
Energy and Inertia in the Climate System

o     Once seas and glaciers start warming or cooling, it’s hard to stop them

o     Once CO2 is in the atmosphere, it stays for about 200 years, unlike other greenhouse gases

o     We need to start using more innovative energy sources and stop burning so many fossil fuels- we can use wind energy, solar power, and nuclear energy, for example

o     However, we don’t know if it’s already too late for the glaciers on Greenland to be saved

o     Carbon sequestration could help- pulling out CO2 and pumping it under the ocean floor

· Another problem is that poorer countries and countries that are expanding greatly, like China, don’t want to abandon their use of fossil fuels (such as coal, which is plentiful) , since it would cost them so much to find another source.

Editor’s note: coal is “cheap” because associated pollution costs, and impacts on health, disease, environment, and global warming are not born by producer of coal, but by society.  Also, billions of dollars of government subsidies to the fossil fuel industry in the U.S. mask the true cost of coal, especially when compared to renewable energy sources like solar and wind that do not enjoy billions of dollars of subsidies. 

