4.7 Greenhouse gases (water vapour alone)
Greenhouse gases preferentially absorb radiation at particular wavelengths. They generally have negligible absorption in the visible spectrum, so are virtually transparent to solar radiation. They absorb in the infrared spectrum, which includes the wavelengths radiated from the surface of the Earth. These gases have negligible reflectivity. For simplicity, we will assume that the greenhouse gases absorb no solar radiation.   The two major greenhouse gases in the Earth’s atmosphere are water vapour and carbon dioxide.  We consider first the effect of water vapour alone then, in Section 4.8, consider the additional impact of carbon dioxide.
To date, we have considered only radiation effects but both the atmosphere and oceans exhibit significant convective effects.  Convection results from the movement of fluids that takes heat with them.  It is convective instability in the atmosphere that gives rise to changeable weather.  It may be that the slower convective currents in the oceans impact on climate change.  The weather record (and the recent climate record) has been obtained by measurement of temperatures at up to a few metres above local ground level.  (A few weather stations are on the roofs of buildings).  The radiation calculations presented above give mean temperatures on the surface of the Earth.  They apply both to the solid surfaces and to the ocean surface; the absorption/emission properties of ocean water are similar to those of dry land.  In the absence of global warming gases, radiation passes straight through the atmosphere in both directions and the air is not warmed at all.  The air warms by convective currents; air adjacent to the ground is warmed and convective currents (winds, eddies etc) move the warmed air so that it mixes with adjacent air such that the whole of the air near to the surface of the earth is warmed.  Air temperature settles to a level that is an average of that of the surface.  Heat transfer from air to surface also reduces the variation in surface temperature.  Such variations arise from the inclination of surface irregularities (some point towards the sun and some are shaded) and variation in surface emissivity/absorptivity.  Winds also disperse temperature variations over longer distances and air temperature changes more slowly between day and night.  Wider scale convective currents arise from locally warmer and cooler volumes of air.  Warm air rises and, as it does so cools by adiabatic cooling.  This cooling can be observed in the laboratory by suddenly releasing the pressure in a pressurized vessel.  Despite the adiabatic cooling, such convective currents disperse energy through the depth of the atmosphere.  The inverse effect occurs with descending air.  Such air is heated by convective compression.  It is noted that, in the absence of greenhouse gases, convection has no effect on mean surface temperatures.  It merely reduces the variability of temperature as compared to a planet with no atmosphere
Water vapour is a greenhouse gas that is present in significant quantities.  Two thirds of the Earth’s surface is covered in water.  The equilibrium water vapour pressure depends on the water temperature.  The following table gives pressure as a function of temperature over pure water:
	Temperature (degrees C)
	Pressure (kPa)

	0
	0.6

	10
	1.2

	15
	1.7

	20
	2.3

	30
	4.2


Note that atmospheric pressure is approximately 100 kPa (1 bar).  Thus, the pressures also give the approximate percentage volumetric concentrations.  Vapour pressure of water is slightly lower over salt water, so that concentrations found on Earth tend to be slightly lower.  The relative humidity is the water vapour concentration as a percentage of the pressures in the above table.  Note also that vapour pressure approximately doubles for a 10 degree rise in temperature.
The arithmetic mean temperature of the surface of the Earth is estimated as a bit below 15 C.  (The mean for radiation calculations is a bit above 15 C).  Hence, 1.7 kPa is a reasonable estimate of the mean water vapour pressure over the surface of the Earth.

Water vapour also has a finite concentration over ice at temperatures below freezing.  Thus, even over the poles, there is some greenhouse effect.  

The effect of water vapour (as any other greenhouse gas) is as follows.  The sun’s rays pass through the vapour with very little energy absorbed.  However, the longer wavelength radiation from the Earth’s surface is absorbed in the gas to some extent.  In this way, the air is warmed by radiation from the surface as well as from convection.  This warming is spread by convection, including convection back to the Earth’s surface.  By reducing the ability of radiation to escape into outer space, the water vapour effectively reduces the emissivity of the surface of the Earth.  The net effect is that the surface emissivity is now less than its absorptivity.  It follows that (compare with Section 4.4) instead the non-grey surface causing global cooling, it now causes global warming.  The water vapour concentrations noted above may be sufficient to account for the observed global warming and the temperatures that we currently observe.
Note that the water-vapour effect results in a positive feedback that tends to give unstable variable temperatures.  Thus, as shown in the table, any increase in ocean temperature increases the water vapour pressure that gives increased global warming.  The period for feedback is comparatively rapid.  It only needs the surface layers of the ocean to reach a higher temperature in order to generate a higher vapour pressure.
Water vapour plays a second important part in determining climate.  In warm wet conditions, water evaporates from the surface to give water vapour.  The evaporation process absorbs large quantities of heat (as latent heat of evaporation).  This evaporation causes local cooling.  (For example, tropical rain forests are cooler than they would have been had the area been completely dry).   The relatively high proportion of water vapour reduces the density of the air.  (The molecular weight is 18 as against 28 for dry air).  The resulting low density causes air to rises.  As it rises, it cools by adiabatic expansion.  The cooling causes some of the water vapour to condense.  As it condenses, it rejects large quantities of latent heat.  Thus, the heat of evaporation is recovered, but the water vapour has the effect of transporting heat from the surface to higher altitudes.  Overall, the air at those altitudes is some 20 C warmer than it would have been had there been no water vapour.  The water vapour condenses out into clouds and ultimately precipitation.  The resulting relatively warm dry air returns to Earth by convection.  As it returns, it warms by adiabatic compression.  We observe that warm wet areas with rising air, such as the tropical rain forests, tend to be banded by relatively hot dry areas, such as the Sahara, Kalahari, Australian and Atacama deserts.  This water vapour cycle probably has a relatively small effect on net global warming, but it is relevant when we come to consider the impact of carbon dioxide.
In summary, we do not need to hypothesize global warming effects from other gases.  Water vapour has by far the largest concentration of all the greenhouse gases and is one of the most effective.  That does not preclude the possibility that other gases also contribute.
4.8 Greenhouse Gases (Carbon Dioxide)
The current increased pressure of carbon dioxide averages out at about 0.038 kPa.  (It may get higher before we get around to updating this web page!).  Thus, at ground level, it is a relatively small fraction of the water vapour concentration.  From the table in Section 4.7, we can derive the following percentages:
	Temperature
	Carbon dioxide as % of water vapour

	0
	6.3

	10
	3.1

	15
	2.3

	20
	1.6

	30
	0.9


At a given concentration, carbon dioxide is a less effective greenhouse gas than water vapour.  (It is always difficult to compare the effectiveness of different greenhouse gases because their impact depends on their concentration.  For a grey non-greenhouse gas, its effectiveness doubles when the concentration is doubled.  For water vapour, it is necessary approximately to quadruple the concentration to double the effect.  For carbon dioxide, it is necessary to multiply the concentration by 16 to double the effect.  Thus, the greenhouse ranking depends on the concentration considered.  All greenhouse gases lose their effectiveness as their concentration increases.  The comparative figures published in the press are for small variations about the current levels.  These published figures also ignore interaction effects between the gases).  Thus, just looking at the table, we would expect carbon dioxide to contribute little to global warming at ground level.  In practice, the position is much less favourable to carbon dioxide because of interaction between the two gases.  The two gases together are much less effective than the gases on their own.  In particular, water vapour severely reduces the ability of carbon dioxide to absorb radiation.  It follows that, even at quite low temperatures, carbon dioxide contributes negligibly to global warming.  If we also bear in mind also that the Earth radiates about 50% more heat from areas at 30C than at 0C, it is clear how unimportant is the contribution of carbon dioxide.
The above comments apply only at ground level and up to altitudes at which the concentration of water vapour exceeds that of carbon dioxide.  Above these altitudes, carbon dioxide becomes the dominant greenhouse gas.  We now consider the effect of carbon dioxide at these high altitudes.
At high altitudes, a heat balance for carbon dioxide is as follows:

1) It absorbs some heat that has radiated through the lower layers of water vapour

2) It absorbs (or contains) heat brought up by convection, noting particularly that it is approximately 20C warmer than if there had been no water vapour

3) It returns heat to the Earth’s surface through convection that returns bulk air to the surface

4) It loses heat to outer space by radiation

5) It returns heat to the Earth by radiation

Consider each of these effects in turn: 

Carbon dioxide absorbs very little heat radiated from the Earth’s surface.  The reason is that water vapour has already absorbed heat energy in those parts of the spectrum that are absorbed by water vapour.  The remaining energy is unabsorbed by carbon dioxide and passes straight through into outer space.

The carbon dioxide is considerably warmer at this altitude than it would have been in the absence of water vapour.
The energy returned to the Earth by convection would have been significant if carbon dioxide had absorbed radiation.  The energy that it absorbed would diffuse through the remaining atmospheric gases which would thereby be heated.  Adiabatic compression would heat the gases further.  In this respect, carbon dioxide probably has little, or no, more significance than an inert gas.

As noted earlier, all good absorbers are good emitters.  Thus, carbon dioxide is an effective source of radiation.  It is free to radiate at the wavelengths not accessible to it for absorption from radiation from the Earth’s surface.  Thus, it radiates energy into outer space energy that would otherwise be returned to the Earth by convection.

We would expect it to radiate almost as much energy back to the Earth’s surface as it radiates into outer space.  (We do not count this back-radiation at lower altitudes because the net absorptivity values already include allowance for the effect).
We have noted that water vapour provides a strong positive feedback in global warming because it only requires the surface of the oceans to be warmed to release water vapour.  However, carbon dioxide does not exhibit such a strong positive feedback.  Although over 98% of the environmental carbon dioxide is dissolved in the oceans, the concentration is still very low.  As the oceans warm, the partial pressure over carbon dioxide over the oceans increases.  (The correlation in the Appendix indicates that it increases by about 50% for every 10C temperature rise).  However, as carbon dioxide is released from the oceans, the surface layers become depleted and the process of diffusion from deep layers to the surface is slow; it can take hundreds of years.  (The converse case also holds, it will take hundreds of years before the oceans dissolve all the carbon dioxide that mankind has released over the last century).
In conclusion, it is not clear whether carbon dioxide contributes to net global warming, to net global cooling, or has negligible net effect.  It contributes to global warming if the small amounts of radiant energy that it absorbs at high altitudes exceed the amount that it radiates to outer space.  It limits global warming if the contrary balance applies.  If neither effect is great, or if they cancel, it has negligible effect on global warming.

Certainly the case against carbon dioxide has not been proven and much more work needs to be done to challenge the conventional view before that case will be proven either way.  In the meantime, the precautionary principle should be applied.

