	Minute
	CO2
	Air

	1
	21.1
	21.1

	2
	21.7
	21.6

	3
	22.2
	20.7

	4
	22.6
	20.9

	5
	23.4
	21.2

	6
	24.5
	21.6

	7
	25
	22.1

	8
	25.4
	22.4

	9
	25.9
	22.9

	10
	26.3
	23.4

	11
	26.7
	23.8

	12
	27.2
	24.2

	13
	27.7
	24.7

	14
	28
	25.1

	15
	28.4
	25.4

	16
	28.9
	25.8

	17
	29.4
	26.1

	18
	29.8
	26.4

	19
	30.4
	26.9

	20
	30.8
	27.2




Experimental methodology: https://www.youtube.com/watch?v=ztfgK6Xnoeg
· 2 lamps with 30W or higher incandescent bulbs)
· 2 indoor/outdoor thermometers with a wire probe
· 2 2ltr jars
· 2 cardboard inner tubes
· Vinegar and bicarb of soda
· Funnel
· Selotape

Tape the probes of the thermometers into the tubes so they hang down freely but the wires are contained. Put 7 grams of bicarb into the CO2 jar, then tape a thermometer probe into each. Stand the jars on a box. Using the funnel so you avoid the probe, put 50mls of vinegar into the CO2 jar, then immediately seal both and place each under a lamp.
Log the temps every minute for 20 minutes.


The results of the experiment show that CO2-rich air warmed faster and more than that without. This supports the findings of other literature in the field, which has recorded both reduced heat escaping to space at CO2 wavelengths, and also increased heat returning to the planet’s surface at CO2 wavelengths. This also aligns with data from the historical record, showing that this increase began with the Industrial Revolution, when global fossil fuel production first became significant. CO2 is indeed shown to be a greenhouse gas. Future research might include measuring the cool-down time of the jars, to see whether CO2 also slows the rate of cooling more than normal air.


Does an increase in CO2 cause raised temperatures? Or do rising temperatures increase CO2?

CO2 in the Atmosphere
We calculate previous CO2 emissions in several ways:
· Bubbles in ice cores give us previous CO2 levels for 100s of 1000s of years. The Keeling curve gives precise measurements after this date.
· Hundreds of stations around the globe gathering data, plus planes and satellites. 
· For human CO2 production, from 1751 we calculate by using coal, brown coal, peat and crude oil production by nation and year (i.e. how much of each fossil fuel was produced by each nation? This is a matter of public records.)
In pre-industrial times over the last 10,000 years, CO2 was relatively stable at around 275 to 285 ppm (parts per million in the atmosphere). Over the last 250 years, atmospheric CO2 levels have increased by about 100 ppm from 277ppm in 1750, to 402.8 ppm in 2016 (Le Quere et al, 2017).
Fossil fuels are the largest store of carbon – we are pushing it into the atmosphere for energy production. Deforestation and ocean acidification both mean that it cannot cycle out easily.
In 2006 we hit 29 billion tonnes of CO2 emitted per year (US Energy Information Administration)
Humans are currently emitting around 30 billion tonnes of CO2 into the atmosphere every year (Carbon Dioxide Information Analysis Centre – IPCC). Currently, the amount of CO2 in the atmosphere is increasing by around 15 gigatonnes every year.
A bit more than half the CO2 we put there is naturally cycled out; about 43% has stayed since 1958.
When we measure the type of carbon accumulating in the atmosphere, we observe more of the type of carbon that comes from fossil fuels (Scripps Institution of Oceanography)
Further independent evidence that humans are raising CO2 levels comes from measurements of carbon found in coral records going back several centuries. These find a recent sharp rise in the type of carbon that comes from fossil fuels (Pelejero et al, 2005)
Satellites measure less heat escaping out to space, at the particular wavelengths that CO2 absorbs heat, thus finding "direct experimental evidence for a significant increase in the Earth's greenhouse effect" (Harries et al, 2001; Griggs and Harries, 2004; Chen et al, 2007)
NASA’s IRIS satellite (launched 1950) and the Japanese IMG satellite (launched 1996) measure infrared spectra; i.e. the outgoing radiation from Earth. Both data sets agree on a drop in the wavelength bands for CO2 and methane.
If less heat is escaping to space, where is it going?
Surface measurements confirm more downward infrared radiation back to the Earth's surface (Philipona 2004, Wang 2009). 
This downward radiation finds more heat returning at CO2 wavelengths; "this experimental data should effectively end the argument by skeptics that no experimental evidence exists for the connection between greenhouse gas increases in the atmosphere and global warming." (Evans 2006).
And that extra heat is accumulating. The planet’s total heat content has been calculated, i.e. the total heat store of ocean, land, atmosphere and ice.  From 1970 to 2003, the planet has been accumulating heat at a rate of 190,260 gigawatts with the vast majority of the energy going into the oceans (Murphy 2009).  This heat content is increasing (Hansen 2005, von Schuckmann 2009, Trenberth 2009).

The Arguments Against
The US House of Representatives stated in 2011 that the magazine Science had published an article showing that CO2 rises have historically lagged behind temperature rises by 200-1000 years; therefore, they argued, the CO2 rise was caused by the temperature rise, and not the other way around (Barton, 2011). This has led to the commonly held belief that CO2 is not responsible for global warming.
Robinson, Robinson and Soon (2008) asserted that CO2 has little to no effect on temperatures, leading to a general argument among climate skeptics that CO2 is not a GHG.

CO2/Temperature Lag Rebuttal.
“CO2 is caused by rising temperatures, because it historically lagged behind them. It therefore doesn’t cause rising temperatures.”
[bookmark: _GoBack]This statement does not tell the whole story. The initial changes in temperature during this period are explained by changes in the Earth’s orbit around the sun, which affects the amount of seasonal sunlight reaching the Earth’s surface. In the case of warming, the lag between temperature and CO2 is explained as follows: as ocean temperatures rise, oceans release CO2 into the atmosphere. In turn, this release amplifies the warming trend, leading to yet more CO2 being released. In other words, increasing CO2 levels become both the cause and effect of further warming. This positive feedback is necessary to trigger the shifts between glacials and interglacials as the effect of orbital changes is too weak to cause such variation. Additional positive feedbacks which play an important role in this process include other greenhouse gases, and changes in ice sheet cover and vegetation patterns.
A 2012 study by Shakun et al. looked at temperature changes 20,000 years ago (the last glacial-interglacial transition) from around the world and added more detail to our understanding of the CO2-temperature change relationship.  They found that:
· The Earth's orbital cycles triggered warming in the Arctic approximately 19,000 years ago, causing large amounts of ice to melt, flooding the oceans with fresh water. 
· This influx of fresh water then disrupted ocean current circulation, in turn causing a seesawing of heat between the hemispheres.
· The Southern Hemisphere and its oceans warmed first, starting about 18,000 years ago.  As the Southern Ocean warms, the solubility of CO2 in water falls.  This causes the oceans to give up more CO2, releasing it into the atmosphere.
While the orbital cycles triggered the initial warming, overall, more than 90% of the glacial-interglacial warming occured after that atmospheric CO2 increase

Climate Change and CO2
Since the Industrial Revolution various industrial processes, including the combustion of fossil fuels, have led to a build-up of greenhouse gases in the atmosphere, which is considered by many scientists to be linked to an increase in the Earth’s average temperature. Since 1896 it has been known that the gases carbon dioxide, methane and nitrous oxide (dinitrogen oxide) help to stop the Sun’s infrared radiation being transmitted straight back into space again once it has been re-radiated by the Earth’s surface.
The effects of climate change are far reaching, leading to droughts, famines, floods, storms, sea-level rises and extinctions, as well as threatening future food security and habitation for humans. But, there are those who think climate change is a myth, for various reasons.
One of these reasons is a scepticism that CO2 is a greenhouse gas at all, or that it is not causing temperature rises.
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