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1 Introduction 
 This review provides an overview of how the science of climate change and the 

responses to it have developed. It summarises the current state of knowledge of 

climate change science without going into detail.  A companion review, Carbon 

Sequestration Fundamentals, provides an overview of carbon sequestration, 

sequestration markets and sequestration trading.  

 

2 A brief history of the global response to climate change 
On the 16th of February 2005 the Kyoto Protocol came into force.  This protocol 

represents the culmination of a process that can be traced back to 1896 when Svante 

Arrhenius first proposed that increasing atmospheric carbon dioxide could lead to a 

warming of the climate.  Svante’s book, “Worlds in the Making”, is the first to 

describe the ‘hothouse effect’ and predicted a doubling of atmospheric CO2 over the 

next 3000 years.  He expected this doubling to cause a “pleasant” 10°F rise in 

temperature.  This outlook changed significantly over the next 100 years as first 

scientists, and then policy makers began to better understand the workings of the 

global climate.  The development of these first scientific theories into what has 

become the Kyoto Protocol is illustrated with a summary of key developments in  
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Table 1: Summary of scientific and policy developments relevant to carbon sequestration in Australia. 

Date Significance 

1896 Svante Arrhenius – existence of the enhanced greenhouse effect is first proposed. 
Doubling of CO2 concentrations predicted to take 3000 years. 

1924 Alfred Lotka estimates that atmospheric CO2 concentrations will double within 500 
years at 1920 coal usage rates. 

1954 G.E. Hutchinson first suggests that deforestation will increase atmospheric CO2. 

1958 C.D. Keeling begins first reliable and continuous CO2 concentration measurements – 
and finds that concentrations are definitely rising.  

1967 Computer simulations suggest that doubling atmospheric CO2 will cause 3°C 
temperature rise. 

1972 United Nations Environment Program (UNEP) is developed following conference 
on the Human Environment in Stockholm. 

1979 
First World Climate Conference declared that the leading cause of global warming 

was increased atmospheric CO2 resulting from the burning of fossil fuels, 
deforestation, and land use change. 

1980 World Climate Research Program established to further climate prediction and 
climate change science. 

1985 Villach conference resulted in a consensus that research supporting development of 
climate change policy is scientifically warranted. 

1988 
Toronto Conference resulted in suggestions for an international climate treaty 

International Panel on Climate Change (IPCC) formed to assess scientific evidence 
and propose appropriate responses. 

1990 
2nd World Climate Conference saw the 1st Assessment Report of the IPCC, called for 

GHG emissions reductions and led to the development of the UN Framework 
Convention on Climate Change (UNFCCC). 

1992 Rio Earth Summit results in (amongst other things) the acceptance of the UNFCCC 
calling for a stabilisation of GHGs in the atmosphere. 

1994 The UNFCCC comes into force. 

1995 1st Conference of the Parties to the UNFCCC (COP 1). The IPCC recognised the 
existence of a discernable human influence on the global climate. 

1996 COP 2. UNFCCC Parties fail to agree on a course of action and instead agree to 
further negotiations. 
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Date Significance 

1997 COP 3. The Kyoto Protocol is adopted following intense negotiations. Emissions 
reduction targets are set and negotiations for non-compliance penalties deferred.  

1998 
COP 4. 

Australia establishes the Australian Greenhouse Office and publishes the National 
Greenhouse Strategy. 

1999 COP 5. Parties agree to agree on details at COP 6. 

2000 COP 6. Parties fail to agree on details and agree to reconvene as COP 6 part 2. 

2001 

COP 6-2. Bonn agreement sets rules for implementing the Kyoto Protocol. 

COP 7. Marrakech Accord sets rules governing carbon sinks under the Kyoto 
Protocol. IPCC publishes the 3rd Assessment Report. 

USA withdraws from Kyoto framework. 

2002 
COP 8. The need for stronger emission reduction measures to meet ultimate goals is 

recognised. 

US and Australia refuse to ratify protocol. 

2003 COP 9. Operational rules approved for Sink CDM projects. 

NSW Greenhouse Gas Abatement Scheme commences. 

2004 
Kyoto Protocol is ratified by the Russian Federation. 

COP 10.  

First CO2 sequestration provider registered in NSW. 

2005 

Kyoto Protocol enters force. 

European Union Emissions Trading Scheme (ETS) Commences.  

COP 11 saw the Montreal Action Plan - an agreement to "extend the life of the 
Kyoto Protocol beyond its 2012 expiration date and negotiate deeper cuts in 
greenhouse-gas emissions." 

UK ETS commences. 

Australia & US sign 6-nation pact for voluntary emissions reductions. 

2006 
COP 12. 

UK ETS ends. 

NSW Greenhouse Gas Abatement Scheme extended till 2021. 

2007 
COP 13: Negotiations commence in earnest for post 2012 commitments. 

IPCC publishes 4th Assessment Report. 

Australia ratifies the Kyoto Protocol. 

2008 
COP 14: negotiations continue for successor to Kyoto. 

1st Kyoto commitment period commences. 

Australia announces plans for a new national ETS. 
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3 Greenhouse in a nutshell 

3.1 The natural greenhouse effect 
The Greenhouse effect is a good thing.  Without it, the average temperature on 

earth would be approximately 33oC colder than it is at present.  It is controlled by the 

abundance of certain gases in the earth’s atmosphere that warm up, and re-radiate or 

reflect heat back down to the earth’s surface.  This process is illustrated in Figure 1. 

 

There are many gases that contribute to the greenhouse effect . The most important 

gas is water vapour, with the second most important being carbon dioxide (CO2). Six 

such greenhouse gasses are listed in the Kyoto Protocol for regulation and control in 

order to manage the impact of human activities on the earth’s climate  (see Table 2 for 

more details).  

 

 

Table 2:  Key greenhouse gases as identified by the Kyoto Protocol, along with their Global Warming 
potential multiplier.  This multiplier allows the ef fects of different gases to be compared directly with CO2 

over a 100 year timeframe, and forms the basis for describing gases as ‘CO2 equivalent’ (CO2e).  In this 
way, one tonne of methane is described as being 25 tonnes of CO2e for Kyoto purposes . 

GGaass  SSoouurrccee  GGlloobbaall  WWaarrmmiinngg  
PPootteennttiiaall    

CCaarrbboonn  ddiiooxxiiddee  ((CCOO
22
))  NNaattuurraall  aass  wweellll  aass  mmooddiiffiieedd  bbiioollooggiiccaall  &&  

eeccoollooggiiccaall  pprroocceesssseess,,  hhuummaann  

ccoonnssuummppttiioonn  ooff  ffoossssiill  ffuueellss;;  

11  

MMeetthhaannee  ((CCHH
44
))  NNaattuurraall  aanndd  mmooddiiffiieedd  bbiioollooggiiccaall  

pprroocceesssseess,,  aaggrriiccuullttuurree;;  
2255  

NNiittrroouuss  ooxxiiddee  ((NN
22
OO))  FFoossssiill  ffuueellss,,  aaggrriiccuullttuurree;;  229988  

HHyyddrroofflluuoorrooccaarrbboonnss  

((HHFFCC’’ss))  
RReeffrriiggeerraanntt,,  ffiirree  ffiigghhttiinngg  aaggeenntt;;  112244  ––  1144,,880000  

PPeerrfflluuoorrooccaarrbboonnss  

((PPFFCC’’ss))  
EElleeccttrroonniiccss  iinndduussttrryy  pprroocceesssseess;;  77,,339900  ––  1122,,220000  

SSuullpphhuurr  hheexxaafflluuoorriiddee  

((SSFF
66
))  

HHiigghh  vvoollttaaggee  eelleeccttrriiccaall  eeqquuiippmmeenntt..  2222,,880000  
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Figure 1:  A demonstration of the process by which the atmosphere retains some of the heating caused 
by incoming solar radiation (source: GRID Arendal) . 

 

 

 



Climate Change Fundamentals 

  7 

3.2 The enhanced greenhouse effect 
Many people in the past thought that the atmosphere was too big for humans to 

alter in any significant way, and have dumped waste gases into the air without any 

further thought.  Measurements that commenced in 1958 have demonstrated that this 

is not the case. More recent studies (see Figure 2 and Figure 3) add even more weight 

to the hypothesis that humans are indeed altering the earth’s atmosphere and climate.  

 

 

 
Figure 2: Past and future atmospheric CO2 concentrations showing the predicted range of CO2 

concentration increase (source: IPCC AR4).  
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Figure 3: Variations of the Earth's surface temperature, showing future temperature scenarios in 

response to projected CO2 increases.  The estimated temperature in 2100 is shown to lie between 1.4°°°°C and 
5.8°°°°C (2.5°°°°F-10.4°°°°F) warmer than the 1990 baseline (Source: IPCC AR4).  

 

 

The historical link between anthropogenic CO2 emissions and temperature can be 

observed in Hassol’s  composite Figure 4. 
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Figure 4: Correlation between global temperature change, atmospheric CO2 concentrations, and 

anthropogenic CO2 emissions (Source: Hassol 2004).  
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3.3 What the climate models predict 
Long range weather forecasts are something that farmers use every year to plan 

agricultural strategies.  A typical example is shown in Figure 5 where the POAMA 

model forecasts the temperature anomalies in the Pacific Ocean and predicts the 

likelihood of El Nino/La Nina weather systems.  The multiple predictions illustrate 

how modellers allow for uncertainties by running the model a number of times with 

different combinations of future possible events, and then average the results to make 

a ‘best guess’ plus a ‘likely range’. 

 
Figure 5: Predictive Ocean Atmosphere Model for Australia (POAMA)  forecasts of El Nino activity 

showing trend of multiple predictions (Source: Australian Bureau of Meteorology).  
 

Climate models look much further into the future, and face a much greater range of 

uncertainties that do weather models. The principles however, remain the same. The 

predictions in Figure 6 are a combination of a wide range of climate models from 

around the world.  These models have been programmed to begin predictions in about 

1910 so that we have plenty of real measurements with which to assess their accuracy. 

In addition, the models were run with, and without the known human impacts on the 

climate system in order to test the theory that human activities are actually affecting 

the climate.   
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Figure 6:  Continental and Global average temperatures showing model predictions with (red) and 
without (blue) the effects of human induced greenhouse gas emissions . The black line indicates the observed 
trend, and demonstrates both the general accuracy of the models, and the need for further improvements 
(Source: IPCC AR4).  
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The results shown in Figure 6 indicate that while the models are not perfect, they 

do predict temperature reasonably well – if human impacts on the climate are 

included. This is evidence that humans are indeed altering the climate, and that future 

predictions of climate are believable.  

 

3.4 Impacts of a changing climate 
There has been much effort expended on predicting the consequences of a warming 

climate. There are many indications that higher temperatures will cause many 

problems.  However, no-one has been able to say for certain what the effects will be, 

and at what temperatures they will occur. Figure 7  illustrates a best guess range of 

predicted consequences, and relates them to the CO2e concentrations and resultant 

temperature increases that are thought likely to cause them.    
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Figure 7: Possible effects from different levels of greenhouse gas concentrations. The top panel shows 

the range of temperatures projected at different CO2e concentrations. The bottom panel illustrates the 
range of impacts expected at different levels of warming. The relationship between global average 
temperature changes and regional climate changes is very uncertain, especially with regard to changes in 
precipitation (Source: Stern 2006). 
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4 Greenhouse scepticism 
Greenhouse scepticism is a term that seems to be used to describe those who 

dispute that the climate is changing, those who dispute that humans are responsible 

for current changes, and those who dispute the need or capacity to reduce our impact 

on the climate system.  The following four examples are typical of the arguments put 

forward. 

4.1 The climate is not changing. 
There are many versions of this argument, such as ‘If the climate is warming, why 

is it so cold now’, and ‘It is all just part of a natural long term cycle’ etc.  These 

arguments only work in individual cases however, and if evidence is sought from each 

of the different ecosystems across the globe a very different ‘average’ picture begins 

to emerge.  

4.2 Climate change is not human induced 
Some scientists remain unconvinced by the evidence that the earth’s climate is 

warming, or dispute that humans are the cause of this change. The most common 

criticism appears to be that historical climate changes have been linked to other 

causes, such as changes to solar irradiance, and that the current link to human 

activities is not proven. This claim is supported by the argument that historical 

changes in CO2  concentrations have lagged behind changes in solar activity.   

 

The intensity of solar radiation is an important determinant of our long term 

climate, but does not account for all of the changes that have been observed. This fact 

is illustrated by comparing Figure 3 with Figure 8, where solar irradiance has 

remained more or less constant for the last 50 years, but temperatures have continued 

to climb. The fact that many historical increases in CO2 concentrations have lagged 

behind temperature rises by several hundred years  proves the existence of positive 

feedback cycles in the climate system, but fails to disprove that CO2 could pre-empt 

global warming. These cycles were most likely initiated in the past by changes in the 

intensity of radiation from the sun.  This time however the sun is not causing the rise 

in temperature,  leaving the question; ‘what is?’ 
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Figure 8:  Variations in direct heating from the sun.  The amount of heating being received from the sun 

has remained more or less stable since 1950 (not including the 11 year sunspot cycle, which has little effect 
on the climate), and does not explain the continued warming of the climate identified by the scientific 
community  (Source: Lean 2003). 

 

4.3 The Scientists were wrong last time, why should  we believe them 
now? 

Another populist line of argument is that scientists have got it wrong.  A typical 

justification given is that scientists in the 1970’s incorrectly predicted an impending 

ice age, so why should their predictions of global warming be believed?  Peterson et 

al. conducted an analysis of peer reviewed literature and found the weight of 

published evidence clearly in pointing towards a warming climate as the more 

immediate concern. Many scientists were, and remain concerned about the probability 

and timing of a future ice age. The perception of a scientific backflip appears however 

to be based on selective reporting of scientific studies by mainstream media . It should 

also be noted that the 1st World Climate Conference in 1979 led to the formation of 

the International Panel on Climate Change, the United Nations Framework 

Convention on Climate Change, and ultimately to the Kyoto Protocol (see 
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Table 1).   

 

 

 
Figure 9: The number of papers classified as predicting, implying or providing supporting evidence for 

future global cooling, warming and neutral categories (source: Petersen et al 2008).    
 

The view that there was a scientific back flip appears to have arisen from popular 

media and is not supported by the scientific literature. This argument therefore 

devolves to an arbitrary dismissal of certain lines of evidence and cannot be sustained. 

 

4.4 What about ‘Climategate’ 
In late 2009, the International Panel on Climate Change (IPCC) became embroiled 

in what is popularly known as the ‘Climategate’ scandal.  This began with a number 

of leaked emails that purported to show that data being used in the IPCC reports was 

being falsified, suppressed or mis-reported.  This led to a period of intense scrutiny, 

both by the IPCC itself, and by organisations antagonistic to its objectives. As a result 

of this scrutiny, seven errors (or supposed errors) were identified: 

• Two were traced to WWF reports, and two to other non-scientific peer 
reviewed sources. 

• Two of the errors were considered ‘substantial’. 
• None of the errors altered the ultimate findings of the report. 
 

In comparison the four documents that constitute the 4th Assessment Report: 

• Collectively contain over 3000 pages 
• Was written by 490 lead authors, with contributions from a further 800 

contributing authors. 
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• Was reviewed by about 2500 experts. 
• Contains approximately 18000 references. 

 

To put this into context, in 2005, Nature published a special report comparing 

errors in Wikipedia and Encyclopaedia Britannica.  Out of 42 reviews, four 

substantial errors were found from each source, with a further 285 minor errors being 

shared between them.  The fact that only seven errors made it through to the final 4th 

Assessment Report is actually rather incredible. 

 

4.5 The climate is changing but it is not worth doi ng anything about it. 
It is true that there is a certain level of climate change that is now unavoidable, and 

that this will be observed over the next 20 years. However, if we can limit the rise in 

temperature to 2oC instead of 3oC, by 2080 we can (for example):  

• save up to 3.3 million people from exposure to malaria, 

• guard up to 50 million people from hunger due to failing agriculture, 

• protect the water supplies for up to 3.5 billion people. 

 

But how are these figures derived?  Some of it is modelled and some is educated 

guesswork (also called expert judgement). Will it happen as predicted? That depends 

very strongly on how we adapt to the changes, as well as how accurate the future 

climate predictions are.  

 
Acting to limit global warming could, (in one estimate), cost up to 3 trillion US 

dollars globally by 2100. Not doing it however could cost up to 20 trillion US dollars.   
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5 The scientific consensus 
The multiple predictions shown in figures 1 and 2 illustrate one of the challenges in 

communicating climate science. The complexity of the models and the uncertainty of 

individual predictions offer an easy target for critics. Over 100 years of scientific 

enquiry has however: 

• confirmed the existence of the greenhouse effect; 

• revealed that the interaction between solar radiation intensity and 

greenhouse gasses are its most significant drivers; 

• shown that the concentrations of greenhouse gasses in the atmosphere have 

risen since the start of the industrial age; 

• identified that the climate is changing; 

• concluded humans are the most likely cause of current changes. 

 

Natural climate variability makes it hard to differentiate between natural and 

human induced climate change. Despite this, the consensus reached by the 

International Panel on Climate Change (IPCC), an organisation supported by many of 

the world’s leading climate change scientists, is that the available evidence supports 

the following conclusions: 

1. The climate is warming at a faster rate than natural causes can explain. 

2. Anthropogenic Greenhouse Gas emissions explain the majority of the 
additional warming 

3. The observed and predicted climatic trends are likely to cause significant 
social, environmental and financial costs. 

4. The cost of averting the worst of the predicted outcomes is less than the costs 
of dealing with the consequences. 

 

6 The next step 
Having identified the issue in sufficient detail, the debate must move to deciding 

what to do about it, despite remaining uncertainties. In this, researchers of many 

different disciplines have identified options to either manage or avoid potential 

outcomes. This however is where the realm of science ends, and that of policy makers 

begin. 
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