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Overview 

 

 During this course we have presented you with a large amount of information 

concerning the nature of the oceans.  However, we have often strayed beyond the 

boundaries of the oceans in order to explain how they came to be and how they operate.  

For example, we have explained how the Earth formed and how the continents are 

moving on top of the plates.  This was necessary since it is not possible to understand 

how the oceans formed without first understanding how the Earth formed, how the ocean 

basins formed and where the water in the ocean comes from.  Similarly it is necessary to 

understand how the atmosphere operates if you are to understand how waves form in the 

ocean and why the currents circulate the way they do.  We have even had to discuss the 

orbits of the Sun and the Moon in order to understand how the tides work.   

 

 Similarly, it is impossible to consider the oceans in isolation from the rest of the 

planet since the behaviour of the various compartments of the Earth are affected by each 

other.  For example the amount and direction of the wind affects the flow of the surface 

water in the ocean and the movement of the surface ocean currents redistributes heat that 

affects the direction and strength of the winds. Earth science studies today are focused on 

understanding the connections between the various compartments of the Earth, e.g. the 

continents, the atmosphere and the ocean, and determining the rates at which they affect 

each other.  In chemical oceanography we look at how the transfer of materials between 

the various compartments takes place and how they are affected by external forces.  One 

of the most topical of these is the production of carbon dioxide by the burning of fossil 

fuels which involves the movement of carbon from the beneath the surface of the Earth or 

below the bottom of the oceans to the atmosphere.  How much of the carbon dioxide 

released remains in the atmosphere and how much goes into the ocean? What effect, if 

any, does the increase in carbon dioxide have on the climate of the planet?  Many earth 

scientists are attempting to understand how these processes connect to each other and to 

develop numerical descriptions of the processes.  When we have a good understanding of 

these linkages, we will be able to use that knowledge to mathematically model the 

climate of the planet and thus be able to predict the future climate, or perhaps more 

importantly, we may be able to predict the climatic outcome of changes that we as 

humans may be tempted to make and prevent irreparable damage being done to the 

habitability of the Earth.  

 

 In these two lectures I am going to show you what we know about the current 

changes in atmospheric CO2 and how this may have changed in the past 

  

 Before we start to look at this in detail, we need to understand a few concepts 
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Cycles 

 

 Many of the processes that we have discussed in the ocean can be considered to 

be parts of cycles.  What do we mean by a cycle?  A cycle is simply a process that repeats 

itself.  For example, time on Earth is marked by the daily cycle of the rotation of the 

Earth. Every 24 hours the Earth rotates giving us a period of light and a period of dark, 

and every year the Earth goes through a seasonal cycle.  We saw in the ocean, that the 

formation of deep water in the northern latitudes followed by its sinking, travelling 

around the bottom of the ocean, upwelling and return to the deep water formation area is 

also a cycle -- one that takes about 1,000 years to complete.   

 

 Time scales of cycles in the ocean can vary tremendously, from a few seconds for 

the circular motion of the water as a wave passes, to thousands of years for thermohaline 

circulation.  If we consider geological processes, the time scales get even longer.  The 

formation and destruction of the Hawaiian Islands is also a cycle.  This cycle’s time scale 

is about 100 million years, from the time of formation of Loihi to its destruction in the 

trenches off Kamchatka. 

 

 One of the problems with many of these cycles is that we, as humans, do not 

perceive these processes as cycles because their time scales are too different from the 

time scales that we inhabit (<100 years).  For example, we are fully aware of the daily 

and annual and even decadal cycles because we experience them consciously but 

geological cycles of millions and hundreds of millions of years are not apparent to us.  It 

is only as earth scientists have come to understand the age of the Earth and revealed its 

history that we have started to recognise the cyclicity of many of these processes.  The 

great attraction of understanding cyclic processes is that we can use them to predict the 

future.   

 

 A simple example of a cycle in the ocean is the uptake of the nutrients in the 

surface water of the ocean by plankton, followed by their death and decay in the deep 

water of the oceans, leading to the regeneration of the nutrients.   In this case during the 

cycle we find that material is being transferred between reservoirs. 

 

Reservoirs 

 

 A reservoir, as its name suggests, is a holding tank for materials.  In the nutrient 

example above we can think of the total nutrients as being distributed between three 

reservoirs: dissolved nutrients in the surface water of the ocean, nutrients stored in the 

bodies of the plants and animals (biota), or dissolved nutrients from remineralisation in 

the deep water of the ocean.  If we can understand how the flows of material between the 

reservoirs are controlled, we can model the process and observe how the amounts of 

material in each of the reservoirs will change with time.  We can use such models to 

predict the future distribution of these properties, but we must be sure that our model is 

accurately reflecting the processes, something that turns out to be remarkably difficult in 

a system that has many processes occurring simultaneously, and for which we cannot 

construct a "control experiment" 
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Connections between cycles 

  

 Clearly, there are an extremely large number of processes and cycles that are 

occurring, and to some degree, these processes are all interconnected.  The mechanisms 

that connect them, however, are often not as obvious as the one I have outlined above.   

 

 One of the most important and puzzling connections in contemporary Earth 

sciences is that between atmospheric carbon dioxide, the oceans and the climate of the 

planet. 

 

 It is hard to overstate the importance of the climate of the planet in terms of the 

future well-being of human populations.  The current size of the population and its 

projected growth means that even small changes in things like the geographic 

distribution, timing and amount of rainfall will affect agriculture and can potentially 

bring food distribution problems to large parts of the planet. A simple example of this 

type is the effect that the oceanographic phenomena of El Nino (which in global terms is 

a relatively small perturbation) has on food production in many parts of the world.  

During times of El Nino, winters in Hawaii are dry, and those on the West coast of the 

US are wet.  These changes in normal rainfall patterns are seen as far away as South 

America and the Sahara.  In some of these regions, famine can ensue when the normal 

crops fail due to the change in the amount of rain that falls during the growing season.  

Fortunately, in recent years, great progress has been made in the ability to predict the 

onset of El Nino, and it has been possible to ameliorate its affects by giving early 

warning to farmers who can then plant different crops.  Although we may be getting quite 

good at predicting El Nino, which is essentially a regional and short-lived phenomena, 

we still have a long way to go in developing a clear understanding of all the climatic 

changes that will occur as a result of the increasing carbon dioxide content of the 

atmosphere.   

 



 

4 
Greenhouse gases 

 

 How does the carbon dioxide affect the climate of the planet? 

 

 When oil, coal, gas or any fossil fuel is burnt in a power station or the engine of a 

car, its carbon is turned into carbon dioxide (CO2).  As a gas, the carbon dioxide goes 

into the atmosphere.  Carbon dioxide is one of several greenhouse gases.   

 

 The Earth receives most of its heat from the sun.  To prevent the Earth from just 

getting hotter and hotter, the Earth re-radiates heat back out into space (Figure 1).  The 

balance between the incoming and the outgoing radiation (heat) determines the 

temperature of the Earth.  However, greenhouse gases interfere with this process by 

trapping some of the outgoing radiation and preventing it from going back into space.  

The amount that they trap is directly proportional to the concentration of the greenhouse 

gases.  Figure 2 shows the wavelengths and intensity of the incoming energy from the 

Sun energy and the wavelengths that the Earth re-radiates this energy back into space.  

This figure also shows (in black) that the wavelengths at which CO2 and water vapour 

absorb energy are in the range of the Earth's emission wavelengths, thus trapping heat in 

the atmosphere.  The overwhelming majority of Earth scientists are convinced that if we 

continue to add this extra CO2 to the atmosphere, then the average temperature of the 

planet will increase considerably as a result of this extra trapped heat.  At this stage, it is 

very difficult to tell exactly how much the temperature might rise because there are many 

other factors that start to have an effect. 

 

 For example, one problem is that there are other greenhouse gases, such as 

methane, which human activity is also increasing in the atmosphere.  It is important to 

note here that while water vapour is also a greenhouse gas, its concentration in the 

atmosphere is controlled by large scale evaporation and precipitation processes which are 

not linked to human activities.  Another issue is that there are other human activities like 

sulphate emission from coal burning and other processes that may be increasing things 

like cloud formation which will tend to decrease the temperature of the planet as more of 

the Sun's energy is reflected back into space. 

 

 Despite these many problems, modelers have predicted that this continual 

increase of CO2 in the atmosphere will result in the earth warming up enough to start the 

ice caps melting and raising sea-level.  If we allow this to happen, it will have very 

serious socio-economic effects since most of the world's population and industry is in 

low-lying areas that would become flooded.  It is also very likely that the pattern and 

timing of rainfall will change along with the frequency and severity of storms.  

 

 There are many opinions about how to deal with this problem.  They range from 

the belief that there must be an immediate halt in the use of fossil fuels, to the other 

extreme that nothing need to be done except finding a technological fix to get rid of all 

the fossil fuel CO2 from the atmosphere.  From the scientific point of view, the most 

important task is to fully understand how the CO2 system operates so that we can predict 

the likely response of the atmosphere and ocean to continual fossil fuel burning. 
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Figure 1.  Schematic of the influence of carbon dioxide on the radiation balance of the 

Earth. 

 

 
Figure 2.  Wavelength and intensity of incoming and outgoing radiation and the 

wavelength of absorption by water vapour and CO2. 
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For this reason, one of the very active areas in oceanography is to try to understand the 

relationship between the carbon dioxide cycle in the atmosphere and the oceans.   

Unfortunately, when science starts to investigate subjects in which powerful lobbying 

groups have large financial interests, the whole subject can become politicised.  A few 

years ago some members of Congress claimed that all CO2 and climate change research 

was “liberal claptrap” and should not be funded.  It is important to remember that science 

has no politics.  Science merely produces data and constructs theories based on those 

data.  Translating the implications of those results into social action is politics, not 

science.  However, good public policy requires good scientific data, it is not possible to 

solve environmental problems if we do not understand the scientific basis by which the 

planet operates.  Censorship of scientific investigations will leave us without the basic 

knowledge of how our planetary systems operate and interact, that we need to make those 

decisions.  Lobbying has no effect on scientific reality. 

  

Recent changes in atmospheric carbon dioxide  

 

 Figure 3 shows the record of atmospheric carbon dioxide as recorded at the 

Mauna Loa observatory on the Big Island.  Between 1958 and 1980, the level of CO2 in 

the atmosphere increased from about 315 ppmv (parts per million by volume) to 336 

ppmv.  In 2013, the annual average value had increased to 396 ppmv.  Note that this 

means the atmospheric content of CO2 went up by just 21ppmv in the 22 years between 

1958 and 1980 (~1ppmv/year) and it went up by another 81 ppmv in just the next 34 

years (~2.3 ppmv/year).  Thus, the rate of increase is itself increasing!  It was these data 

from Mauna Loa showing the annual cycles of CO2 and continual rise in atmospheric 

CO2 that was first used to raise concern about the effect of fossil fuel consumption.  

 

 By using tiny bubbles of air trapped in Antarctic ice cores, it has been possible to 

look back in time to ~1750 when CO2 levels were 280 ppmv.  This is just before the 

industrial revolution started, i.e., the time when coal burning started in a really big way.  

In other words, in just 264 years of industrialisation we have increased the CO2 content 

of the atmosphere by ~120 ppmv or ~42%, with most of that increase coming in the last 

100 yr.  Most projections expect that CO2 levels of the atmosphere will have doubled 

from their pre-industrial level to 560 ppmv by the year 2100. 

 

Carbon reservoirs 

 

 Where does the CO2 come from and where does it go?  Before we answer these 

questions, it is important to revisit the concept of cycles, in this case chemical cycles.  

Just like a spaceship that took on stores before a long interplanetary journey, the Earth 

accumulated all its elements at the time of its accretion ~4.6 billion years ago.  With a 

few minor exceptions that needn’t bother us now, there has been no change in the total 

amount of any of the elements that are present on Earth.  What this means in the case of 

an element like carbon is that although we can play planetary chemistry with the carbon 

by changing it from one form of carbon into another (organic carbon into carbon 
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dioxide), we cannot change the total amount of carbon on the Earth.  When we add 

up the sizes of all the reservoirs they will always come back to the same number.  

 

 

Figure 3. Historical trends in atmospheric carbon dioxide from direct measurements at 

Mauna Loa (red triangles) and from air bubbles trapped in the Siple Ice core from 

Antarctica (blue diamonds) 

 

 
  

 

Table 1. Amounts of carbon in various reservoirs 

 

Reservoir Amount* 

Carbonate sediments 150000 

Soils (organic carbon) 25000 

Oceans and freshwater (dissolved CO2) 140 

Biomass (living matter) 30 

Fossil fuels (plus organic carbon in the sediments) 27 

Atmosphere (CO2) 2 

*  The amounts are in units of 1012 tonnes of CO2 equivalent. 
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 Table 1 shows the estimated sizes of all the major reservoirs of carbon on the 

planet.  Because we are interested in CO2, they have been calculated in terms of their 

potential to form CO2 if they are oxidised (burnt).  The biggest reservoir is carbonate 

sediments.  These are made up of the calcium carbonate skeletons (CaCO3 shells) of 

various organisms that lived in the ocean.  When they died, their skeletons fell to the 

sediments where they were preserved.  The next largest reservoir is the organic carbon in 

soils on land.  This is made up of the very small fraction of organic material from plants, 

etc. that it is very hard for bacteria to break down and as a result it is buried in the soils.   

 

 The third largest reservoir is the carbon dioxide gas that is dissolved in the oceans 

and fresh water.  Fourth comes the biomass, which is the carbon that is in all the plants 

and animals on the planet.  Next, and of great importance, are fossil fuels, which are the 

coal, oil and gas reserves.  These fossil fuels come from the dead organic material of 

plants and animals that was buried in the sediments of the ocean before it could be 

decomposed by bacteria.  As we saw earlier, when plankton grow they use carbon 

dioxide (as well as nitrate and phosphate) to make their body tissue.  They are converting 

carbon dioxide into organic carbon.  When the plankton die and are remineralised, not 

only is the nitrate and phosphate released, but also the organic carbon is turned back into 

carbon dioxide, i.e., the cycle is complete.  As we saw, some organic matter can be 

preserved in the sediments.  When this happens, there is a net removal of carbon from the 

ocean.  At certain times in the history of the Earth, ~100 million years ago, very large 

amounts of organic matter were buried in the sediments.  Over long periods of time, that 

organic matter was transformed into fossil fuels.  The last reservoir is that of carbon 

dioxide gas in the atmosphere.  To understand the historical and modern changes in 

atmospheric carbon dioxide, we must understand how all these reservoirs are connected 

and at what rates natural processes transform one form reservoir of carbon into another.     

 

 It takes thousands to millions of years to have any effect on the sizes the two 

biggest reservoirs of carbon, calcium carbonate sediments and the organic carbon that 

exists in soils, so they are of no interest to us in the discussion of the immediate problem 

of CO2 changes over periods of 200-300 yr.  The reservoirs that are interesting to us are 

the atmosphere, the oceans, the fossil fuels, and the biomass.  It is currently believed that 

the size of the biomass reservoir has not changed significantly over the last few hundred 

years.  Increases in human population and agriculture are offset by reduction in the 

amount of natural vegetation, such as forests. However, while there may not have been an 

overall change, the size of the biomass reservoir does go through an annual cycle.  When 

summer comes to the northern hemisphere, plants start to grow and a lot of CO2 is 

removed from the atmosphere.  When the succeeding winter arrives, virtually all of that 

plant material is turned back into CO2 by various bacterial decomposition processes.  The 

effect of the growth and recycling of biomass (plants) can be seen very clearly in the 

Mauna Loa signal (Figure ?).  In spring, the CO2 level in the atmosphere decreases, while 

in the fall/winter it rises again.  But, this is just an annual cycle.  On average, the amount 

of biomass is neither increasing or decreasing.  So apart from the squiggle, it doesn't have 

any effect on the overall trend.  The fossil fuel reservoir is the one that is responsible for 

the continuous increase in atmospheric carbon dioxide.  Humans are interfering in the 

carbon cycle by burning fossil fuel and turning it into CO2, which then goes directly into 
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the atmosphere.  As we can see, the fossil fuel reservoir (that we know about) is 13.5 

times as big as the atmosphere reservoir.  What this means is that we have the potential to 

increase atmospheric CO2 levels by a factor of 13.5!   

 

The role of the oceans 

 

 As striking as the atmospheric increases are in the Mauna Loa CO2 record (Figure 

2) they are much less than we would expect if we calculate CO2 emissions from the 

production records of the oil companies, coal mines, etc.  Clearly, something else must be 

happening.  Some (but not all) of the CO2 is disappearing.  It seems now that the most 

likely place that this CO2 is going is into the oceans.  Important questions concerning this 

are:   

 

 a) how much CO2 is going into the ocean  

 b) what processes control how rapidly the CO2 goes into the ocean  

 c) how will the addition of fossil fuel CO2 to the atmosphere affect future 

 temperature changes   

 

 Question a) is being addressed by long-term monitoring of the dissolved CO2 

levels in the ocean.  Unfortunately because there is already a lot of dissolved CO2 in the 

ocean, it is going to be some time before we can see how much of an increase there is in 

the ocean.  Question b) has spawned two different approaches.  One idea that is being 

investigated is to see if the amount of plankton growing in the surface waters of the ocean 

in the regions of high nutrient availability could be increased by the addition of Fe to the 

surface waters.  If this were successful, the removal of this organic carbon from the 

surface to the deep ocean, would inevitably take some of the CO2 that was in the 

atmosphere.  In other words, we could reverse the process of burning fossil fuels by 

burying organic carbon in the deep-ocean and sediments.  However, we need to proceed 

very carefully in deliberately manipulating the environment to solve another 

environmental problem, we may create more problems than we solve.  Clearly before any 

large scale attempts to do this are undertaken we must obtain a clear scientific 

understanding of the processes involved.  

 

 There is another way that the oceans take up some of this extra CO2.  Just like 

oxygen, the CO2 will dissolve in seawater at the surface.  The amount that dissolves is 

related to how much is in the atmosphere. The CO2 is removed when surface water sinks 

during the deep-water formation process that takes place in the North Atlantic and around 

Antarctica. So, as atmospheric CO2 levels increase, much of this will end up dissolving in 

the ocean, but we do not know how much. If this is the main way that CO2 gets into the 

ocean, then understanding how much and how often deep water is made in the ocean 

becomes critical to our understanding of how the global climate will respond to fossil fuel 

burning.  We can see how the planetary climate responds to changes in atmospheric CO2 

by looking for natural records of historical atmospheric CO2 concentrations, and 

comparing them with records of climatic temperature variations.  One such record is the 

Vostok ice-core. 
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Historic levels of atmospheric carbon dioxide 

 

 In 1998 a French and Soviet scientific team drilled an ice core in Vostok on the 

Antarctic continent.  This core, which was over 2,000 m long, was dated and the ice at 

the bottom was 160,000 years old.  Within the ice core are small air bubbles that became 

trapped in ice when it became very hard.  By measuring the amount of CO2 in these 

bubbles, coupled with dating the levels, it is possible to tell what the atmospheric CO2 

levels were at various times in the past. 

 

 The upper line in Figure 4 shows the CO2 levels in the atmosphere for the last 160 

thousand years.  Also plotted in the graph is another measurement that tells us what the 

temperature in the air was like.  As you can, see it appears that the CO2 level has varied 

enormously over that period of time and so has the temperature.  It seems very clear from 

this data that whenever the CO2 level increased in the atmosphere so did the temperature 

of the planet.  It is also clear that the current CO2 level of the atmosphere is higher than at 

any time in the last 160,000 years.   

 

Figure 4. Atmospheric carbon dioxide and temperature for the past 160,000 years as 

recorded by the Vostok ice core. 
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 An increase in temperature sounds like a fairly benign result from the 

increase of atmospheric CO2 levels.  If all we did were go to the beach or sit in offices 

that would be true.  Unfortunately, as we mentioned earlier, the main problem with 

abrupt changes in climate is their effect on agriculture.  Regions that are currently the 

sites of major food production would probably lose that ability as the climate changed.  

Of course, new regions that previously were unsuitable to agriculture might now be 

capable of producing food.  Such a shift in the major growing regions, though, could have 

enormous social and political implications as current major food exporters might become 

major food importers in the future.  Even within the same country the infrastructure to 

move agricultural products to market (roads, railroads) has been developed over a long 

period of time for where agriculture happens now. 

  We have all observed how political and military tensions in the world have been shaped 

by the geographic distribution of oil reserves and the desire of individual nations to 

maintain control of those reserves. An abrupt redistribution of the geographic distribution 

of food reserves could potentially produce enormous worldwide social upheaval. 

 

 Unfortunately, there are even more reasons to be pessimistic about such events 

because the above is assuming that there is no net change in the amount of food produced 

--just who does it.  With a world population in excess of 6 billion any drop in total world 

food production could lead to catastrophic famines.  Another serious aspects of the 

atmospheric CO2 record is the relationship between it and sea level, and, by implication, 

the amount of dry land available for habitation and agriculture. 

 

 If we look again at the Vostok record and this time superimpose the modeled sea 

level record, we can see (Figure 5) that when CO2 levels were at their lowest about 

20,000 years ago so was sea level.  This time was the time of the last ice-age.   

 

 If historically lower levels of CO2 in the atmosphere lead to low sea levels what 

happens if, as we are doing now, we increase CO2 levels above those of today?  

 

 There are two processes that can affect sea level if we warm the atmosphere of the 

planet.  One is that we can melt all the ice stored in glaciers etc., including the ice caps in 

Antarctica and the other is that we will warm the surface waters of the ocean.  If we were 

to melt the Antarctic ice sheets sea level would rise by 60 metres, but at this stage nobody 

thinks this will happen.  It is currently estimated that sea level is rising by 18cm/100 yr. 

just from long term geological processes associated with glacial-interglacial cycles.   

Warming the surface ocean will also raise sea level since seawater expands when it is 

warmed.  It is estimated that warming of the upper waters of the ocean could produce a 

15cm rise over the next 100 years, melting of mid-latitude glaciers may add another 15 

cm.  Ironically at this stage the Antarctic ice sheets are growing and so it is estimated that 

they will reduce sea level by 10cm over the next hundred years.  Put these all together 

and the estimates for total sea level rise for the next hundred years (background + global 

change) range from the background number of 18 cm to 60 cm. 

 

Figure 5. Comparison of carbon dioxide, and deuterium records from the Vostock ice 

core with the modeled sea level. 
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 During an ice, age the normal hydrologic cycle of evaporation of water from the 

surface ocean, its deposition as rain on the continents and its return to the oceans in rivers 

was interrupted.  The evaporated seawater fell on the continents as snow and compacted 

to form ice sheets that were up to 1 mile thick over large parts of North America and 

Europe.  Because the water did not run back to the oceans, sea level dropped. It is 

estimated that 20,000 years ago, sea level was 120-130 m lower than it is today, low 

enough that you could have walked from Molokai to Lanai. 

 

 The latest information from satellite altimetry, that can measure the volume of the 

ocean every 10 days, is that sea level is rising at 40 cm/100years.  At this stage, there is 

not a great deal of agreement about how much sea level will continue to rise because we 

do not know exactly how the Antarctic ice caps would respond to warming.  Likewise, 

there is still considerable debate as to exactly how much the climate will warm as a result 

of the addition of CO2 and how much the oceans are warming.  If we take the baseline for 

atmospheric CO2 as the pre-industrial level of 280 ppmv, then when atmospheric CO2 

levels reach twice that value, i.e., 560 ppmv, temperatures will have climbed anywhere 

from 1.5 to 4.5˚C on average.  Averages, though, can be quite misleading.  Many 

scientists are predicting that, along with increases in global temperature, there will be a 

significant increase in the frequency and strength of tropical storms and the frequency 

and duration of droughts.  Some estimates suggest that there may be as many as 200,000 

extra deaths each year from these causes.  At this stage, most scientists agree that global 

average temperatures have increased by 0.6˚C as a result of increased anthropogenic CO2 
emissions.   
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 Predicting sea level rise as a result of increased CO2 emissions is difficult 

since it requires the use of computer models, which themselves rely on many assumptions 

about the behaviour of the CO2 (how much goes into the ocean and how much ends up in 

the atmosphere).  They also involve assumptions about exactly how the Antarctic ice caps 

would behave etc.  There is much uncertainty in such modeling.  A fact that is actively 

exploited by those who do not believe there is any reason to modify our fossil fuel 

combustion habits.  This is reminiscent of the same tactic that tobacco manufacturers 

used in the past to dispute that cigarette smoking resulted in enhanced cancer rates.  

Without absolute proof, the critics argue there is no connection.  In the case of global 

climate change, the problem may be that by the time concrete proof is available it may be 

too late to do anything. 

 

 Instead of looking forward with computer models, we can also look back in time 

and study historical variations of atmospheric CO2 levels and historical sea levels.   

 

Past variations of sea level and atmospheric CO2 

 

 Using a variety of techniques, it has been possible to reconstruct the variation of 

atmospheric carbon dioxide over the last 100 million years.  In figure 6 (below) the 

heavy black line represents the best estimate of the past values or the predicted ones.  The 

upper and lower lines give some estimate of the likely error on these values.   

 

 As you can see, there is probably considerably inaccuracy.  Despite this, it is quite 

clear that some 50-100 million years ago carbon dioxide levels in the atmosphere were 

much higher than they are today.  You can compare this with the last figure, the shaded 

part of which shows sea level over the last 150 million years.  

 

 Taking the point at 100 million years B.P. (before present) as an example, CO2
 

levels were higher than today, although not higher than we predict for 200 yr. from now.   

At that same time, sea level was very much higher -- several hundred metres above 

today’s levels.  Because of the higher sea level much of North America was covered with 

an inland sea, and the amount of habitable land everywhere on the Earth was 

considerably less than today. 

 

 Will it take a long time for the climate to change?  One of the most worrying 

aspects of global climate change is that there is evidence that the climate can change from 

one state to another on very short time scales.  In figure 8 (below) we can see evidence of 

this from the magnitude of cold water organisms preserved in the sediments of the North 

Atlantic.  It appears that after the last ice age temperatures warmed up slowly for 8,000 

years.  About 11,000 years ago, though, there was a sudden return to very cold conditions 

that lasted only a relatively short period of time.  Within the period of human records, we 

are also aware of periods of abrupt climatic change.  It is believed that a relatively dry 

period between 800 and 1,000 AD in central and South America may have contributed to  

Figure 6.   Past carbon dioxide levels in the atmosphere and a scenario of the future  

 



 

14 

 
 

Figure 7. Sea level curve for the past 150 million years 

 

 
the collapse of the Classic Maya culture. Between 1450 and 1850 AD the climatic 

temperatures were about 1˚C colder giving rise to what is known as the little ice-age.  It is 
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interesting to note that the increase in temperatures around 1850 coincides with the 

industrial revolution getting under way  with its attendant CO2 production from coal 

burning. 

 

 There is no doubt that as a result of human activity many of the chemical cycles 

of the planet are operating at rates that are very different from those in the past.  The 

carbon  cycle is only one of many, but is a particularly good example since to maintain 

the standard of living and infrastructure of our society requires significant amounts of 

energy.  For the foreseeable future, a large part of this energy will involve the burning of 

fossil fuels.  The effects that our disturbing of the natural CO2 cycle has on the climate 

will depend on the rate at which we disturb the cycle.  The faster we disturb the cycle, the 

less chance the natural mechanisms have to adjust.  The rate at which we disturb the 

carbon cycle is directly proportional to the population of the planet.   

 

Figure 8. Detailed record of oceanic temperature during the last 15,000 years. 

 

 

 
 

 

 

Figure 9. Estimates of winter temperatures for the last 1,000 years 

 

 


