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Abstract 

Climate change and greenhouse gas emissions were first recognized globally as pressing 

environmental issues at the 1992 United Nations Framework Convention on Climate 

Change (UNFCCC).  This concern intensified following the 1997 United Nations Kyoto 

Protocol and the mounting body of scientific evidence highlighting the effects of 

climate change. Climate change issues are becoming the most financially significant 

environmental issues facing companies today. Consequently, investors should be 

expected to modify the way they value companies, considering not only earnings and 

dividends, but also firms’ long-term environmental performance and the impact of 

climate change on specific firms and industries. Nevertheless, little research has 

explored the extent to which capital markets impound this issue.   

This study examines the interdependent relationship between the Australian oil and gas 

industry and climate change, and the subsequent effect of this relationship on the market 

value of the oil and gas industry. This industry is crucial to the Australian economy and 

is simultaneously responsible for a substantial portion of carbon dioxide emissions. The 

carbon dioxide emissions are one of the primary greenhouse gas emissions responsible 

for global warming that affect the world’s long-term climate. Climate change brings 

risks and opportunities for the oil and gas industry. Due to its carbon-intensive products, 

the oil and gas industry is uniquely exposed to economic and competitive risks from 

carbon-mitigation policies. The risks include unpredictable shifts in demand and 

impacts on the supply chain, change in products, constraints to access to new reserves. 

Climate-related disasters present business risks as they can affect the earnings, and 

hence the market value of the oil and gas industry. On the opportunity side are options 

for emissions trading, new, alternative markets and product opportunities to be 

explored, which in turn can affect the market value of oil and gas companies. 

This study provides a long-term (1983 to 2006) comparative analysis of the Australian 

oil and gas industry. This research compares the Australian Oil and Gas Index and the 

Australian refining company Caltex Limited, with a geographical focus on Australia. 

The Australian Oil and Gas Index represents the leading Australian oil and gas 

companies and includes domestic companies and MNEs that operate around the world. 
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Caltex Limited is headquartered and operates in Australia, and is affected by Australian 

weather and climate conditions. Moreover, the Australian oil and gas industry is 

compared with the entire Australian equity market, represented by the top 200 

Australian listed companies (the S&P ASX 200 Index) and 500 of the largest Australian 

companies across all sectors incorporated in the All Ordinaries Index. To determine the 

effect of climate change on stock equity returns of the oil and gas industry arising from 

a reinforcing relationship, advanced time-series Vector Autoregressive (VAR), 

Generalized Autoregressive Conditional Heteroskedasticity (ARCH), Generalized 

Autoregressive Conditional Heteroskedasticity (GARCH) and Markov Switching 

Vector Autoregressive (MS VAR) econometric models are used. The Fama and French–

Behavioural–Climate Change models are constructed by adding financial, investors 

behaviour, climate change, and global warming variables to the equations. 

The findins suggest that climate change, with its weather extremes, is value relevant for 

the Oil and Gas Index, and investors incorporate this information in their stock 

valuation process. Moreover, the results also indicate that weather is value relevant for 

the oil and gas industry and could affect demand for petroleum, oil and natural gas. A 

highly positive significant relationship is found between Australia’s carbon dioxide 

(CO2) emissions and Australian oil and gas companies’ stock returns between 1983 and 

1992. Subsequently, this relationship changed to a negative, albeit insignificant, 

association from 1992 to 1997, and a highly negative significant relationship from 1997 

to 2006.   

Overall, this research suggests that Australian investors are become concerned about the 

effects of greenhouse gas emissions on climate change, viewing a clean energy future as 

desirable. The study contributes to the emerging field of environmental finance. Also, 

this research enhances further insight into the role of environmental variables in finance 

models. The results of the study advance the understanding of how financial markets 

can be prompted to channel more resources towards environmental concerns. 
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Chapter 1 

Introduction 

 

1.1 Introduction 

The current climate change crisis, caused by greenhouse gas (GHG) emissions that have 

grown rapidly in the 20
th

 and 21
st
 centuries, has become a key global economic, social, 

and political concern (Intergovernmental Panel on Climate Change [IPCC], 2007). This 

crisis poses a major risk that affects the world’s wealth and the availability of resources 

and energy prices (Roberto & Austin, 2000). Also, the climate change crisis poses one 

of the greatest environmental threats of the 21
st
 century, one that scientists across the 

globe recognise as a major environmental challenge that could devastate the world’s 

physical environment (IPCC, 2001).  

The scientific community recognised the environmental threat from GHG emissions for 

more than 100 years. However, the threat came to the public’s attention, along with that 

of the global business community and world governments following the 1992 United 

Nations Framework Convention on Climate Change (UNFCCC) in Rio de Janeiro. 

Subsequently, the 1997 Kyoto Protocol, the former U.S. Vice President Al Gore’s 

documentary film An Inconvenient Truth, and the recent 2009 UN Climate Change 

Conference, known as the Copenhagen Summit (Parkinson, 2009), underscored the 

need for political and economic leaders to take immediate action to reduce GHG 

emissions. While the scientific community is still uncertain about how climate change 

will “play out,” there is little uncertainty that it will impose significant economic costs 

(Stern, 2006). 

Furthermore, the 2007 Nobel Peace Prize winners — the former U.S. Vice President Al 

Gore and The United Nation Intergovernmental Panel on Climate Change (IPCC) — 

state that the observed increase in global average temperature since the mid-20
th

 century 

is clearly due to the observed increases in GHG concentration. Global energy use and 

supply are the main drivers of GHG emissions. This increase in GHG emissions is 
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manmade (IPCC, 1990), and GHG emissions are projected to continue to grow, 

especially as developing countries pursue industrialization. Discretionary human 

influence now extends to other aspects of climate change besides temperature increases, 

including ocean weather extremes, wind patterns, warming, shrinking polar ice sheets, 

and the retreat of mountainous glaciers (IPCC, 2007).  

In recent years, natural disasters happened frequently around the world. According to 

the global reinsurance giant Munich Re, 950 natural catastrophes occurred during the 

year 2010. More than 90 percent were weather-related, with a cost of more than $US130 

billion and huge loss of life. In July 2010, the Russian heat wave and unprecedented 

forest fires killed at least 56,000 people. Also, in 2010 Pakistan’s worst-ever flood left 

1,769 dead and 2 million homeless (Tippet & Russell, 2011).   

The world appears to have significantly suffered from wild and damaging swings in the 

weather. Worldwide, the year 2010, was the wettest on record, but also the hottest since 

1850, according to the World Meteorological Organisation. Eighteen nations 

experienced their hottest-ever temperatures (Tippet & Russell, 2011). In the year 2011, 

Australia, Sri Lanka, the Philippines, Brazil, and the United States were affected by the 

worst floods in decades, while Europe and North America experienced an exceptionally 

snowbound winter. 

In Australia, recent significant flooding occurred in areas of South East Queensland 

during January 2011, and has caused 25 deaths, and 70 people missing. “We now face a 

reconstruction task of post-war proportions,” the Premier of Queensland State Anna 

Bligh, told the Australian people, at times choking back tears (Belford & Folley, 2011). 

The cost to the nation of the Queensland floods may total as much as A$12.9 billion, or 

1 percent of the gross domestic product of Australia (Scott, 2011).  

In addition, flood and severe weather occurred in Victoria’s northeast region and 

Tasmania State’s northern and central areas. Forty-six Victorian towns have been 

flooded, affecting more than 1,600 properties and more than 3,500 people. “This flood 

is being a 1- in 200-year flood and the worst-case scenario,” Victorian Deputy Premier 

Peter Ryan said. “The flooding in Victoria, Queensland and elsewhere represents the 

biggest natural disaster in economic terms to hit Australia,” Prime Minister of Australia 
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Julia Gillard said (Hunter & Carey, 2011). Thus, Australia, along with the rest of the 

world, is confronting the problems of climate change. In recent years, one side of the 

continent was devastated by floods while its other part was hit by bushfires. 

Global warming could significantly change the climate this century if the community 

cannot reverse the current emissions trends. The International Energy Agency (IEA) and 

the majority of the world’s scientists believe that the world needs to make an immediate 

and revolutionary change in energy sources to limit GHG emissions to a level that will 

avert catastrophic global warming. Some scientists believe that we are nearing a point of 

no return if we do not reduce GHG emissions considerably in the next 30 years (Maslin, 

2009). Moreover, worldwide public protests have raised awareness on climate change 

and dependence on fossil fuels, and require the global business and economic 

community to participate in formulating solutions.  

In response, carbon-mitigation policies and emission trading programs, such as the EU 

Emission Trading Scheme (2005), the Australian Emission Trading Scheme (2015) and 

others, have been developed at the global, national, and local levels to encourage the 

reduction of global GHG emissions. However, the efforts to reduce the world’s reliance 

on carbon-polluting activities may well be the biggest single challenge — and 

opportunity ― for business since the industrial revolution (Parkinson, 2007). Carbon 

reduction requires a massive investment in a new energy infrastructure and radical 

changes in the global economy, as nations switch from high-carbon sources of energy to 

low-carbon alternatives. Al Gore has called for a “third industrial revolution” to meet 

these needs (Gore, 2006). These revolutionary changes will affect every country and 

every economy, and nearly every sector of the economy will be impacted by climate 

change and carbon risks (Paul, 2007).  

Since the Industrial Revolution, which began in the West in the late 1700s, the level of 

GHG emissions has increased by 30 percent. Most of these GHG emissions are CO2 

emissions from carbon dioxide-emitting industrial processes (Garnaut, 2008). The major 

source of global CO2 is the burning of fossil fuels. Since fossil fuels are the main 

product of the oil and gas industry, this industry is a significant contributor to climate 

change (Anderson, 2007).  
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While the oil and gas industry is one of the main causes of the ever-increasing 

greenhouse effect and climate change, it is also a key driver of the world’s economy 

(Altalo et al., 2000). As the sun energizes the planet, it can be said that oil powers its 

human population in the form of fuel and “new petrochemical products.” The oil and 

gas industry is “the undisputed king,” which is “sharing the wealth and transforming the 

kingdom, ushering in a new drive-in civilisation of Hydrocarbon Man” (Yergin, 2008, p 

523).  Our civilization has indeed been transformed by the “alchemy of petroleum” 

(Yergin, 2008, p 524). However, now there is fear that our civilisation will run out of 

petroleum and the “Peak oil” could have massive impact on the global economy and our 

lifestyles. Moreover, now the need for constraints on GHG emissions poses a significant 

challenge for the oil and gas industry (The Carbon Trust, 2006). In addition, weather-

related disasters increase the risks for the weather-sensitive sector of the economy such 

as the oil and gas industry. 

On the one hand, companies in the oil and gas industry are subject to a greater concern 

of weather conditions (Wellington & Souer, 2005). Climatic conditions are critical to 

the oil, natural gas, and petroleum markets. For instance, an unusually cold winter or 

extremely hot summer can significantly impact demand (for heating and cooling), 

production, prices, and securities values. The greatest effect of hurricanes and other 

severe weather events is on production operations as they force the shutdown of 

production and/or transportation of supplies (Knight & Pretty, 1996). On the other hand, 

the oil and gas industry produces the dangerous hydrocarbons associated with a 

substantial proportion of environmental degradation and climate change (McGeachie, 

Krierman, & Krizner, 2005). Additionally, this industry presents risks for leaks, spills, 

and explosions. 

Since the oil and gas industry is affected by climate change and is responsible for the 

GHG emissions, the capital market’s behaviour could have an enormous impact on the 

market value of the oil and gas industry. Environmental and climate change information 

may lead capital markets to revise their expectations regarding the performance of oil 

and gas companies. The oil and gas industry has always been an important segment of 

investors’ portfolios, but the issue of climate change, now at centre stage globally, raises 
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the question: How, and to what extent do capital markets respond to this vital issue? 

How investors respond can greatly impact the industry. 

 

1.2 Research Questions and Objectives 

Climate is often described as the synthesis of weather recorded over a long period. It is 

defined in terms of long-term averages and other statistics of weather conditions, 

including the frequencies of extreme events (Houghton, 1997). Weather is popularly 

thought of in terms of temperature, pressure, humidity, precipitation, and other 

meteorological phenomena (English Dictionary, 2010). As distinguished from weather, 

severe and extreme weather is the most accepted measure of climate change. Severe 

weather refers to any meteorological phenomena with the potential to cause damage, 

serious social disruption, and/or loss of human life (Sci-Tech Dictionary, 2010). 

Extreme weather is defined as the weather phenomena indicative of an unstable climate 

and extremes of historical patterns, especially severe and unseasonal weather (English 

Dictionary, 2010). 

A significant amount of academic research on how capital markets respond to 

environmental catastrophes and climate change focuses on meteorological and financial 

issues. Considerable academic attention is paid to the relationship between the 

environment and financial performance (e.g., Dowell, Hart & Yeung, 2000; Stone, 

Guerard, Gultekin & Adams, 2000). Other studies examined the relationship between 

catastrophic accidents and shareholder value (e.g., Knight & Pretty, 1996; Ganzi & 

Dunn, 1995; Ganzi & Tanner, 1997). A number of studies have looked at the potential 

impact of climate change, risks, and opportunities for businesses (e.g., Lanoie, Laplante 

& Roy, 1997; Lash & Wellington, 2007). 

Recently, an increasing number of researchers in behavioural finance have empirically 

investigated weather effects on individuals’ emotional states and, hence, on investment 

decisions, by assessing the reactions of various capital markets in different countries, 

regions, and cities under various weather conditions (Saunders, 1993; Kramer & Runde, 

1997; Trombley, 1997; Pardo & Valor, 2003; Tufan & Hamarat, 2004; Loughran & 
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Schultz, 2003; Dowling & Lucey, 2005). Similarly, a few empirical studies investigated 

the weather effects on Australian stock returns (Cao & Wei, 2005; Worthington, 2006).  

A large segment of empirical literature investigated the relationship between weather-

related information and different variables such as electricity and gas demand (Valor, 

Meneu & Caselles, 2001; Gabbi & Znotti, 2005), energy and natural gas consumption 

(Sailor & Munoz, 1997), gas and oil prices (Roll, 1984; Boudoukh, Richardson, Shen & 

Whitelaw, 2005), and seasonality (Anderson, 1985; Choi & Longstaff, 1985) in 

weather-sensitive markets. Only some qualitative, forecasting, and scenario-building 

research has focused on the value relevance of the world’s leading oil and gas 

companies (Wellington & Souer, 2005). Thus, on a broad scale, existing academic 

research on the value relevance of weather, climate, and environmental issues 

investigated 1) the impact of weather on stock equity returns and 2) the impact of 

pollution on the environment and the consequential impact on market value of the 

companies.  

However, most research is restricted to multinational enterprises companies (MNE) in 

the United States or Western Europe (Kennelly, 1996). Furthermore, studies are not 

industry specific, and to date, no comprehensive, quantitative long-term analysis has 

investigated weather’s impact on the market value of weather-sensitive oil, gas and 

refining companies. The great majority of studies rely on a narrow set of backward-

looking data that contain significant quality problems (Reed, 1998).  

Presently no comprehensive, empirical, multiyear analysis has investigated the value 

relevance of climate change in the context of a region’s, or nation’s oil and gas industry. 

Moreover, none examined these reinforcing relationships in the Australian context. The 

Australian oil and gas industry is highly important and relevant to the Australian 

economy. Thus, the present research fills this gap and answers the following research 

question: 

To what extent do the capital markets incorporate weather, climate change, and 

greenhouse gas emissions information in the stock valuation processes of Australian 

firms in the oil and gas industry? 
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The purpose of this research is to examine the effects of weather, climate change, and 

greenhouse gas emissions on the market value of the Australian oil and gas industry, 

arising from an interdependent relationship between climate change and the 

hydrocarbon-producing oil and gas industry.  

The objectives of this research are to: 

1. Investigate the impact of weather and climate change on the market value of the 

oil and gas industry. 

2. Investigate the effect of the GHG emissions on the market value of the oil and 

gas industry. 

3. Investigate the overall effect of climate change and GHG emissions on the 

market value of the oil and gas industry.  

In addition, to determining the capital market reaction, this research explores the effects 

of climate change and GHG emissions before and after carbon-mitigation policies were 

introduced by the United Nations (UN). For more informative results, the present 

research compares the Australian oil and gas industry, which operates globally and is 

affected by different weather/climate conditions, with the Australian refining company 

Caltex Limited, which is located in and operates only in Australia. In addition, this 

research compares the weather-sensitive Australian oil and gas sector with the entire 

Australian market. The specific objectives of this research are: 

1. Investigate the influence of weather conditions and the impact of climate change     

on Australian stock market.   

2. Investigate the impact of weather on stock returns of the Australian oil and gas 

industry.  

3. Investigate the impact of climate change and GHG emissions on the Australian 

stock market and Australian oil and gas industry stock returns following the 

introduction of the UNFCCC and the Kyoto Protocol GHG mitigation policies. 

 

To achieve these specific objectives the following questions must be answered: 

 

1. Do weather conditions influence Australian stock prices?  
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2. Does climate change, specifically extreme weather events, impact stock prices?   

3. How does climate change actually affect stock prices? 

4. Do weather conditions affect the stock prices of the Australian oil and gas 

sector?  

5. Did investors consider CO2 emissions information following the 1992 UNFCCC 

and the 1997 Kyoto Protocol?   

6. Is the financial market concerned about environmental aspects of the 

investment? 

On the one hand, some scholars (e.g., Murray, Sinclair, Power, & Gray, 2006) believe 

that the financial market is only interested in profit maximisation. Under such an 

assumption, the capital market has no reason to be interested in the environmental 

aspect of their investments. On the other hand, the financial market is regarded as a key 

factor in the sustainable performance of organisations (Klynveld Peat Marwick 

Goerdeler [KPMG], 2005). Under this assumption, investors are not always interested 

only in profit maximisation. In addition, other authors (Saunders, 1993; Kramer & 

Runde, 1997; Trombley, 1997 and others) assume that the financial market is affected 

by weather conditions that can cause investors to behave in irrational ways. Under this 

assumption, investors’ psychology is affected by weather-related factors, which can 

influence their mood and decision-making and, consequently, the stocks’ returns.  

Nevertheless, present research assumes that in an active efficient market with numerous 

well-informed and rational investors, shares will be appropriately priced and will reflect 

all available information (Fama & French, 1996). Also, weather could influence the 

demand and supply of weather-sensitive sectors of the economy such as the oil and gas 

industry, transportation, commerce, construction, insurance, and others. A capital 

market is efficient if it adjusts rapidly to new information (Fama et al., 1996) and 

investors may revalue a firm in response to negative news about its poor environmental 

record, extreme weather events or pollution. 

Moreover, among growing international efforts to reduce GHG emissions, shareholders 

could see declines in their investment in oil and gas companies (Dumas, 2006). Oil and 

gas industry companies are subject to a greater degree of environmental and climate 

change risks, and are subject to significant variances in future earnings and returns on 
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the investment (Roberto & Austin, 2000). This study assumes that investors have 

concerns about the environmental aspects of their investment and change in climate and 

GHG emissions. Thus, this study’s propositions are: 

Main Proposition 1: The weather and climate influence Australian stock market.  

Main Proposition 2: A significant relationship exists between weather and the market 

value of Australian oil and gas companies. 

Main Proposition 3: A significant relationship exists between climate change, GHG 

emissions, and the market value of the oil and gas industry. 

Main Proposition 4: A significant positive relationship between GHG emissions and 

share prices changed to a significant negative relationship after 

the 1992 United Nations Framework Convention on Climate 

Change (UNFCCC) and the1997 Kyoto Protocol policies were 

introduced. 

To achieve the objectives and answer the questions this study will statistically examine: 

1. The value relevance of weather and climate change in the context of the Australian 

stock market. 

2. The value relevance of weather in the context of the Australian oil and gas industry. 

3. The value relevance of climate change and GHG emissions in the context of the 

Australian oil and gas industry. 

4. The value relevance of climate change and GHG emissions following the 1992 

UNFCCC and 1997 Kyoto Protocol, and the relevance of environmental variables 

in financial models. 

Chapter 6 develops objectives, propositions, and hypotheses in details, summaries of 

which are presented in Tables 6.1- 6.4. The following Figure 1.1 shows links between 

objectives, specific objectives, questions and main propositions. 
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Figure 1.1  Research Questions, Objectives, and Propositions 

• To what extent do the capital markets incorporate weather, climate change, and GHG emissions 
information in the stock valuation processes of Australian firms in the oil and gas industry? 

Research 
Question 

Specific Objective 1 

Investigate the influence of weather 
conditions and the impact of climate 
change  on Australian stock  market.   

 

Specific Questions 1 

1. Do weather conditions influence 
Australian stock prices? 

2 . Does climate change, specifically 
extreme weather events, impact 
stock prices?  

3.  How does climate change actually 
affect stock prices?  

 

Main Proposition 1 

The weather and climate influence 
Australian stock returns. 

 

Statistical Analysis 1 

The value relevance of weather and 
climate change in the context of the 
Australian stock market. 

 

 

Purpose 

Examine the effects of weather, climate 
change, and GHG emissions on the 
market value of the Australian oil and gas 
industry. 

 

Objective 1 

Investigate the impact of climate 
change on the market value of the oil 
and gas industry. 

Objective 2 

Investigate the effect of the GHG 
emissions on the market value of the 
oil and gas industry. 

Objective 3  

Investigate the overall effect of 
climate change and GHG  on the 
market value of the oil and gas 
industry.  

 

Main Proposition 3 

A significant relationship exists 
between climate change, GHG 
emissions, and the market value of the 
oil and gas industry.  

 

Statistical Analysis 3 

The value relevance of climate 
change and GHG in the context of the 
Australian oil and gas industry. 

Specific Objective  3 

Investigate the impact of climate change and GHG 
emissions on Australian stock market and Australian oil 
and gas industry stock returns following the 
introduction of the UNFCCC and the Kyoto Protocol 
GHG mitigation policies. 

Specific Questions  

5. Did investors consider CO2 emissions information 
following  1992 UNFCCC and 1997 Kyoto Protocol?  

6. Is the financial market concerned about 
environmental aspects of the investment? 

Main Proposition 4 

A significant positive relationship between GHG 
emissions and share prices changed to a significant 
negative relationship after the 1992 U NFCCC and 
the1997 Kyoto Protocol policies were introduced. 

Statistical Analysis 4 

The value relevance of climate change and GHG 
emissions following the 1997 Kyoto Protocol, and the 
relevance of environmental variables in financial 
models. 

Specific Objective 2 

Investigate the impact of weather on 
stock returns of the Australian oil and 
gas industry.  

Specific Question 2 

4. Do weather conditions affect the 
stock prices of the Australian oil and 
gas sector?  

Main Proposition 2 

A significant relationship exists 
between weather and the market 
value of Australian oil and gas 
companies.  

Statistical Analysis 2 

The value relevance of weather in 
the context of the Australian oil and 
gas industry. 
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1.3 Overview of the Methodology 

The thesis examines the effect of weather and climate change on the returns of the 

Australian oil and gas industry.  The impact of a variety of weather and climate change 

variables is tested.  In order to ensure robustness of the results of the study, the effect of 

other economic and financial factors that are known to affect returns is controlled.  

Some of these control variables are taken from the highly regarded Fama-French (1993) 

three-factor return model.  In addition to their effect at the industry level through the 

Australian oil and gas industry, further evidence on the value relevance of weather and 

climate change are obtained by examining their impact on the returns of the Australian 

stock market, and on that of a particular major oil and gas firm, Caltex. Hence, in its 

investigation, the thesis uses a number of dependent variables pertaining to the returns 

of the Australian Oil and Gas Industry, Caltex and the Australian Stock Market, and 

various independent variables relating to weather and climate change and a host of 

control variables relating to economic and financial factors that are known to affect 

returns.  A list of these dependent, independent and control variables used in the thesis 

is provided in Tables 4.1, 4.2, and 4.3. 

An innovation in the study is with regards to the climate change variables. These 

variables were derived from the weather variables through a process that involves 

detrending and deseasonalising of the weather variables. This process is described in 

Section 4.3.2. 

To empirically measure the effect of weather and climate change on the returns of the 

Australian oil and gas industry, Caltex and the Australian stock market, advanced time 

series regression techniques such as Vector Autoregression (VAR), Variance 

decomposition, Granger causality, General Autoregressive Conditional 

Heteroskedasticity (GACH)   and Markov regime switching models are applied.  The 

use of these quantitative techniques enables the study to simultaneously measure the 

effects of the different weather and climate change variables on the returns while at the 

same time controlling for the impact of a number of other variables.  These techniques, 

also allowed the thesis to take into account different market conditions, particularly the 

Markov-regime switching model, and the lead and lag effects of variables.  Thus, these 
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advanced techniques further ensure the robustness of the results of the study.  A detailed 

discussion of these techniques is provided in Chapter 5. 

 

1.4  Overview of the Major Findings of the Thesis 

This research investigates the relationship between weather, climate change, and oil and 

gas industry. Weather change, climate-related disasters, and carbon-mitigation policies 

present risks that can affect the earnings and market value of the weather-sensitive 

sectors of economy. In order to confirm the value relevance of weather, climate change 

and greenhouse gas emissions in context of the Australian oil and gas industry, this 

study empirically examines and finds that:  

1. Weather and climate change are value relevant for Australian stock market.  

2. Weather is value relevant for the weather-sensitive Australian oil and gas 

industry.     

3. Climate change and GHG gas emissions are value relevant in the context of the 

Australian oil and gas industry. 

4. Climate change and GHG emissions are value relevant following introduction of 

the 1992 UNFCCC and 1997 Kyoto Protocol. 

5. Financial models extended by environmental variables also confirm the value 

relevance of climate change and GHG emissions.  

The overview of the major findings of this study is presented below. 

 

1.4.1 The Value Relevance of Weather and Climate Change: The   

Australian Stock Market 

This research contributes empirical findings on the impacts of weather conditions on 

stock returns and discusses these impacts from the Efficient Market Hypothesis and 

Behavioural Finance perspectives. The ARCH and CARCH models along with the 

Granger Causality test are applied to confirm the influence of weather conditions on the 

Australian stock equity returns. This study finds that weather conditions do not guide 
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market behaviour, with the exception of humidity.
1
 Under conditions of high humidity, 

physical conditions, and hence financial trading activities of investors can be affected. 

However, large parts of the Australian economy are directly and indirectly exposed to 

various weather conditions. The Australian market includes weather-sensitive 

industries, such as energy suppliers that heavily depend on weather conditions and 

weather forecasting. Thus, investors could incorporate weather as well as weather-

forecasting information into investment decisions.  

To examine the value relevance of climate change for Australian stock returns, this 

study compares the Australian stock market with Australian oil, gas, and refining 

companies and AR-GARCH model is applied to confirm that the climate change is 

value relevant and that investors reacted to climate change information.
2
 All weather-

related variables are statistically adjusted to the climate change variables. This study 

also finds that investors react to non-financial news, and that the market is efficient. In 

addition, this study suggests that investors use forecasting information to make rational 

investment decisions. 

 

1.4.2 The Value Relevance of Weather: The Australian Oil and Gas 

Industry 

To confirm the value relevance of weather-related information in the context of 

Australian oil, gas, and refining companies, this study finds a significant relationship 

between weather conditions and return on investment. The oil and gas sector is one of 

the most weather-sensitive sectors of Australian economy. Since demand for oil and gas 

is highly seasonal and exhibit seasonal volatility, VAR, ARCH and Markov Switching 

Vector Autoregressive models are applied to obtain results that are more reliable.
3
 

                                                           
1
 Findings are part of the article “Causality of Weather Conditions in Australian Stock Equity.” Revista Tinerior 

Economisti, (ISSN 2067-0052 on-line; 1583-9982 printed), EU (in process publication), (Vlady, S., Tufan, E., & 

Hamarat, B. (2011). 
2 Findings are part of the article “The Effect of Climate Change on the Australian Stock Equity Returns”  that has 

been presented at  International Conference on Applied Business & Economics, Kavala, Greece (Vlady, S., 2009).  
3Findings are part of the  article “The Market Value of Australian Oil and Gas Industry and Climate Change: The 

VAR, ARCH and GARCH Approaches” that has been presented at Conference on Apply Business & Economics, 

Aristotle University, Thessaloniki, Greece, 2008. This paper also has been published in Studies in Regional & Urban 

Planning (SRUP), Greece, Issue 11b, December, pages 195-220 (Vlady, S., Roca, E., & Tularam, G.A., 2008).  
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Temperature is value relevant, but investors reacted to the changes in temperatures 

within a season. This research finds that atmospheric pressure, which associates with a 

significant change in the weather, is important information for investors. This study 

finds that, on a daily basis, the Australian weather-related information is not significant 

for the Australian oil and gas industry, which includes multinational companies 

operating across the globe. 

However, the weather-related information is significant on a long-term basis and 

influence investment decisions. In an active efficient market dominated by a large 

number of rational investors, share prices of weather-sensitive oil and gas companies 

are appropriately priced and reflect new information on weather change. Oil and gas 

companies are subject to a greater degree of weather risk and to significant variance in 

earnings, making it necessary for investors to integrate weather-related information in 

their investment decisions. 

 

1.4.3 The Value Relevance of Climate Change and Greenhouse Gas 

Emissions: The Australian Oil and Gas Industry 

To confirm the value relevance of climate change and GHG emissions, arising from the 

interaction between climate and the Australian oil and gas industry, this study finds that 

market participants consider climate change and carbon dioxide information in their 

investment decisions.
4
 The GARCH (1.1), AR (p)-GARCH (1.1), and multivariate 

linear regression models are applied to investigate the extent by which the capital 

market incorporates climate change and greenhouse gas emissions information in the 

stock valuation process. The weather-related variables are de-trended and de-

seasonalized and thus, statistically adjusted to the climate change data.  

                                                                                                                                                                          
Also these findings are part of the article “The Value Relevance of Climate Change: A Preliminary Study of the Oil 

and Gas Industry in Australia” that has been presented at the American Accounting Association Annual Meeting 

2008, in California, U.S.A. Additionally, this paper has been published in Oil, Gas & Energy Quarterly, U.S.A., V 

57, No 4, June, pages 711 -735 (S. Vlady, S., 2009). 

4 Findings are part of the article “The Value Relevance of Climate Change and GHG Emissions: Evidence from the 

Australian Oil and Gas Industry” that has been presented at the American Accounting Association 2009 Annual 

Meeting in New York City, U.S.A., and also published in the Oil, Gas & Energy Quarterly, U.S.A., V 58, N 4, June, 

pages 641-674 (S. Vlady, S., 2010). 
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The large change in atmospheric pressure, that signals significant change in the weather, 

is important information for investors. Another finding indicates that investors have 

access to weather forecasts and consider humidity as useful information. This research 

also finds that temperature is not significant and investors hedge weather risk. In the 

long-term, increase in carbon dioxide is associated with an increase in returns and 

indicates that investors are interested in profit-maximization. 

To determine the impact of climate change and GHG emissions on stock equity returns 

before and after the implementation of the 1992 UNFCCC and the 1997 Kyoto Protocol 

policies, this study compares the Australian oil and gas industry with the entire 

Australian market, and finds that investors are concerned about climate change and 

GHG emissions.
5
 The major findings show that the relationship between carbon dioxide 

and stock equity returns of the Australian oil and gas industry changed from a positive 

and highly significant between 1983 and 1996, to a negative and highly significant from 

1997 to 2006. However, the relationship between climate change and returns is not 

significant on a daily basis. This finding shows that from year 1997, oil and gas 

companies began purchasing insurance and hedging weather risks. 

 

1.4.4 The Value Relevance of Climate Change and Greenhouse Gas 

Emissions: Environmental Variables in the Financial Model 

This research constructs the models that are based on environmental variables by adding 

the additional finance, accounting, and behavioral variables. Climate change, carbon 

dioxide, and global warming are used as the environmental factors to explain investors’ 

reaction to climate change. Size, book-to-market equity, and earning/price factors are 

used as the finance and accounting variables. The contrarian effect is used as a 

behavioural factor to explain stock investment returns. 

                                                           
5Findings are part of the article “How Climate Change and GHG Emissions Affect Stock Equity Prices: The Oil and 

Gas Industry Compared with the Australian Market” that was presented at the American Accounting Association 

Northeast 2009 Annual Meeting, Cambridge, MA, U.S.A. 

 

 

 

 

 

 



16 

 

Thus, to confirm the value relevance of climate change and GHG emissions, this study 

uses the Return-Association and Fama and French models by adding controlling 

variables to form new Return-Association, Fama and French-Climate Change, and 

Fama and French-Behavioural-Climate Change models. These models are applied to 

confirm the value relevance of climate change and GHG emissions following the 1997 

UN Kyoto Protocol. The major findings indicate that investors incorporated climate 

change and carbon dioxide information into their investment decisions. From the year 

1997, rational investors negatively reacted to climate change and carbon dioxide 

emissions.
6
 The analysis of annual reports of major Australian oil and gas companies 

reveals that oil and gas companies address climate change issues and invest 

considerable capital in new and renewable technologies. 

 

1.5 Significance and Contribution of the Research 

Most previous academic research has focused on the impact of weather and 

environmental catastrophes in the United States or Western Europe. Moreover, most of 

these studies are not industry specific and rely on a narrow set of data. This research 

fills these gaps and advances academic knowledge by investigating the extent to which 

the capital market incorporates weather, climate change, and GHG emissions 

information in the stock valuation process of the Australian oil and gas industry in 

comparison with the entire Australian market.  

The oil and gas industry is significantly affected by weather and climate change and 

significantly contributes to climate change. Nor previous study investigated this 

interdependent relationship between climate change and oil and gas industry and the 

possible impacts on the market value of this industry. The main contribution of this 

                                                           
6 Findings are part of the research paper “The Value Relevance of Climate Change and GHG Emissions Following 

the Kyoto Protocol” that have been presented at Accounting and Finance Association of Australia and New Zealand 

2010 Annual Meeting, New Zealand, July (Vlady, S., 2010). 

Findings are part of the article “Climate Change Effects  on  Equity Returns of Australian Oil and Gas Companies” 

that has been presented at the Twenty-Second Asian-Pacific Conference on International Accounting Issues, 

Australia, Gold Coast, November, (Vlady, S., & Szendi, J. Z., 2010). 
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research is the long-term comparative empirical investigation of the effects of climate 

change and GHG emissions on market value of the Australian oil and gas industry, 

arising from reinforcing the relationship between climate change and oil and gas 

industry.  

Also, this study contributes empirical evidence to academic knowledge on the impacts 

of weather and climate conditions on share prices, and investigates these impacts from 

the Efficient Market Hypothesis (EMH) and Behavioural Finance (BF) perspectives. An 

increasing number of academic research in BF assumed that investors are irrational, and 

weather is a cause of the change in investor’s mood with consequent effects on their 

investment decisions (e.g., Saunders, 1993; Trombley, 1997; Tufan & Hamarat, 2004, 

2006 and other). Moreover, no BF study assumes that some sectors of the economy are 

weather-sensitive sectors. Contrary to previous research, this research assumes that the 

investors are rational and provides long-term empirical evidence that the investors 

reacted rationally to the change in the weather and climate. There was a considerable 

academic attention on the impact of weather conditions on the electricity or gad 

demands (e.g., Sailor & Munoz, 1996; Gabbi & Znotti, 2005 and others). Nor has 

previous study examined the effects of weather or climate change on stock equity 

returns of the weather-sensitive sectors in comparison with the entire market. 

This research contributes empirical findings on the effects of weather and climate 

change on share prices of the Australian oil and gas industry in comparison with the 

Australian Market. This research observes the effects of weather and climate conditions 

on share prices of the Australian oil and gas industry over 34 years, and compares these 

effects with an Australian refining company Caltex Limited across the last 27 years. 

Moreover, the Australian oil and gas industry, represented by Australian Oil and Gas 

Index (AOGI), is compared with the entire Australian market, represented by the top 

200 Australian listed companies (the S&P ASX 200 Index), and 500 of the largest 

Australian companies across all sectors incorporated in the All Ordinaries Index. 

A considerable amount of research investigated the relationship between environmental 

and financial performance. From one traditional point of view, environmental 

investment only increased costs, decreased earnings, and market values of the firms 

(e.g., Pava & Krausz, 1996; Mathur & Mathur, 2000). From “green” perspective, 
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environmental investment and efforts to reduced negative environmental impacts 

increased their competitive advantages and resulted in improved financial returns to 

investors (e.g., Nilson, 2003; Clements, 2006; Mathur & Mathur, 2000). However, no 

previous study investigated negative environmental impact after the introduction of the 

United Nations policies on climate change and GHG emissions reduction. This research 

assumes that the investors are interested in the environmental aspects, and observed the 

effect of climate change and GHG emissions on stock equity returns of the Australian 

Oil and Gas industry before and after the introduction of the 1992 UNFCCC and the 

1997 Kyoto Protocol policies.  

This study contributes empirical evidence to academic knowledge on the effects of 

climate change and GHG emissions on the market value of Australian oil and gas 

companies, following UN climate change policies. This research confirms that investors 

are interested in the environmental aspects of their investments. Additionally, this study 

contributes to emerging field of environmental finance by developing the Climate 

Change –Fama and French–Behavioural models and provides further insight into the 

role of environmental variables in finance models. The results of the study advance the 

understanding of how financial markets can be prompted to channel more resources 

towards environmental concerns. 

 

1.6 Structure of the Thesis 

This thesis is structured as follows. The next chapter provides an institutional 

background of the oil and gas industry. The third chapter reviews both the theoretical 

and empirical literature and develops new research questions that these findings suggest, 

and similarly identifies gaps and contractions. The theoretical literature review 

examines studies relating to the relevant issues in the capital market, the value relevance 

of climate change and environmental issues, climate risks and opportunities, and the 

role of derivatives in managing weather and carbon risk. The empirical literature is 

examined to identify variables, methods and models used by other researchers in this 

field.  



19 

 

Chapter 4 presents a theoretical framework of this research. The framework links 

interrelated concepts, interrelationships among constructs and propositions. This chapter 

generates hypotheses and describes a methodology and analysis. Chapter 5 introduces 

the methods employed in the empirical analyses. The data are described, together with 

the statistical techniques and models used to analyse them. Industry and company 

selections, as well as sample size, also are presented. Chapter 6 presents the purpose of 

the research, generates a set of general and specific objectives and research questions. 

Chapter 6 also develops the hypotheses based on specific empirical models, 

methodology and subsequent statistical tests. Based on the general and specific 

objectives and the various methodologies (VAR, ARCH, GARCH, MS-VAR, AR-

GARCH) in this thesis, the analyses of empirical results are discussed over four 

chapters ― Chapters 7, 8, 9 and 10.  

The value relevance of weather and climate change in the context of the Australian 

stock market is empirically tested, along with an analysis of results, and presented and 

discussed in Chapter 7 “Empirical Analyses ― The Value Relevance of Weather and 

Climate Change.” In addition, this chapter empirically examines the effects of climate 

change on Australian stock market and compares with the Australian oil and gas 

industry. The value relevance of weather in the context of the Australian oil and gas 

industry is empirically tested, and along with an analysis of results presented and 

discussed in Chapter 8 “Empirical Analyses ― The Value Relevance of Weather.” 

The first, second, and third main objectives are empirically tested with results presented 

and analysed in Chapter 9 “Empirical Analyses ― The Value Relevance of Climate 

Change and Greenhouse Gas Emissions.” The third specific objective is empirically 

tested and discussed in Chapter 9 in the section “The Value Relevance of Climate 

Change and Greenhouse Gas Emissions following the 1992 UN Framework Convention 

on Climate Change and the 1997 Kyoto Protocol.” The third specific objective is 

empirically tested, with results analysed in Chapter 10 “The Value Relevance of 

Climate Change and Greenhouse Gas Emissions ― Environmental Variables in 

Financial Models.” Chapter 11 concludes the thesis and provides recommendations for 

the future research. 
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The rationale for the design and structure of the thesis is as follows. Figure 1.1 indicates 

that the thesis is designed in such a way that Chapters 1, 2, 3, 4, 5, 6, and 11 are 

chapters that relate to the whole thesis while Chapters 7, 8, 9, and 10 are chapters that 

present and discuss the empirical results. Chapters 7, 8, 9, and 10 are structured 

similarly and in a self-contained manner ― each of these chapters has its own data, 

methodology, results and discussion. This procedure is intentionally done for the 

purpose of facilitating the publication of these chapters into journal articles.  
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Chapter 2 

Climate Change and the Oil and Gas Industry 

 

2.1 Introduction  

Climate change has prompted the global community to examine the whole basis of 

modern society and has stimulated political debate, and resulted in disagreement among 

nations. Scientists are predicting that global warming will warm the planet by 6ºC in the 

next 100 years, which economists suggest could cost as much as 20 percent of world 

GDP (Maslin, 2009; Stern, 2006). Climate change is unequivocal, and there is some 

confidence that this warming is human-induced, mostly because of fossil fuel 

emissions (IPCC, 2007). 

The oil and gas are vital to world economic growth. The geopolitical importance of oil 

is difficult to overestimate. Oil has powered empires and destroyed nations, and will 

continue to be an important source of energy for the foreseeable future. However, main 

product of the oil and gas industry is hydrocarbons that are contributors to climate 

change, and this industry faces carbon and climate change risks. Moreover, in recent 

years, the theory of “Peak Oil” is at the centre of intense interest and debate. The 

implications of “Peak oil” have far reaching effects for global economics, politics, and 

environmental protection (Heshelov, 2008).  The potential for a decline in the rate of 

global oil production in the next few years coincides with government initiatives around 

the world to reduce carbon emissions. A key initiative is to establish emission trading 

schemes and place a price on carbon. An important question is “how will the new oil 

industry succeed in saving the environment without putting nations’ security at risk 

(Paul, 2008)?” 

Chapter 2 provides relevant background information on the oil and gas industry and 

climate change, along with general context and theory, and builds a foundation for this 

research. The Chapter illustrates the need for, and the importance of, this research. The 

first section discusses climate change information, with special emphasis placed on 
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climate change in Australia that is linked to this study’s theoretical concerns. The 

second section emphasises the significance of the oil and gas industry and discusses the 

reciprocal relationship between this industry and climate change.   

The effects of climate change on oil and gas companies, and the impact of the oil and 

gas industry on climate also is discussed in this part. In addition, this section illustrates 

the possible effects of the 1992 UNFCCC and the 1997 Kyoto Protocol carbon-

mitigation policies on the oil and gas industry, followed by an overview of the new 

global oil and gas industry. 

Finally, this chapter highlights the risks and opportunities that the new oil and gas 

industry faces in the near future. It connects the oil and gas industry, climate change and 

capital market details to concepts. A summary of the purpose and significance of the 

research is provided at the end of this chapter. 

 

2.2 Climate Change  
2.2.1 Climate Change Overview 

Over the last 150 years, significant changes in climate have been recorded. Climate 

change manifests itself in a number of ways, for example, changes in regional and 

global temperature, rainfall patterns, sea level, weather patterns, the significant retreat 

of Arctic and Greenland ice sheets and glaciers. Also, an increase in the frequency of 

storms, hurricanes, extreme high-temperature events, floods and droughts are signs of 

climate change, and are expected to occur more frequently (Maslin, 2009). The planet 

has warmed by approximately 0.6ºC during the past century. Scientists have stated, with 

little doubt, that there is a significant link between climate change and global warming. 

Global warming is caused by the massive increase of greenhouse gases in the earth’s 

atmosphere, resulting from the burning of fossil fuels and other human-induced 

activities (IPCC, 1990).  

Although climate change is a new environmental issue, the concept of global warming 

was developed in nineteenth century, when the French mathematician and physicist 

Joseph Fourier (1768 – 1830) investigated the effects of radiant heat on the earth’s 
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surface. Later, Swedish scientist Svante Arrhenius (1859 – 1927) recognised the 

importance of increased atmospheric CO2 content and its consequent warming of the 

earth’s surface. He suggested that observed increases in the volume of atmospheric CO2 

were due to the burning of fossil fuels in factories during the Industrial Revolution, and 

was changing the atmosphere. Arrhenius also posited that this CO2 increase could 

increase the earth’s temperature. He was the first scientist to predict a temperature 

increase of 1.5 – 5.5ºC from a doubling of atmospheric CO2 levels, which is consistent 

with current predictions. According to Keeling (1957) and the U.S. National Academy 

of Sciences (1979), the increase in greenhouse gas emission levels (the greenhouse 

effect) should produce about 6ºC warming by 2050, and could change the climate 

significantly (Charney, 1979). 

The greenhouse effect is a natural process by which radiant heat from the sun is 

captured in the lower atmosphere of the earth and maintains the temperature of the 

earth’s surface (Energy Information Administration, 1998). These gases, called 

“greenhouse gases,” include water vapour, CO2, methane, nitrous oxide, and a variety of 

manufactured chemicals. Some come from natural sources; others are anthropogenic, 

meaning that they result from human activities. The IPCC (1996) strongly supports the 

assumption that CO2 content in the atmosphere and global warming are closely linked, 

and when CO2 increases, the temperature is found to increase, and vice versa.  

The global carbon dioxide cycle involves interaction among the atmosphere, ocean, 

soils and vegetation and fossil fuel deposits. The ocean contains 39,000 gigatonnes of 

carbon (GtC), fossil fuel deposits contain about 16,000 GtC, soils and vegetation 

contain about 2500 GtC, and the atmosphere about 760 GtC. Since 1850, land-use 

change is estimated to have released about 136 GtC and fossil fuel combustion, about 

270 GtC into the atmosphere. From this, 110 GtC was absorbed by growing vegetation 

and the remainder by the oceans, while 180 GtC ended up in the atmosphere (Maslin, 

2009).  

Thus, rising concentrations of greenhouse gases have been measured in the earth’s 

atmosphere. An increasing concentration of greenhouse gas emissions leads to an 
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increase in the average temperature on the earth’s surface
7
. The potential impact of the 

increase in temperature could lead to a variety of changes in the global climate, sea 

level, agricultural pattern and ecosystem (Energy Information Administration [EIA], 

1998). The growing body of scientific evidence from around the globe shows that global 

warming is already occurring with dramatic and dire predictions for the future.  

During the last 150 years, the warmest years on record all occurred within the last few 

decades. As shown in Figure 1.1, all the warmest years occurred since 1990, with 1998 

being the warmest year, followed by 2005,2002, 2003,  and 2004; 2007 was the eighth 

warmest year on record. The summer of 2005 was the hottest and 2006 was the sixth 

warmest on record, dating from the year 1850. In the summer of 2003, 35,000 people 

died in an extreme heat wave in northern Europe, and Great Britain recorded the highest 

temperature ever, 100
o 

F (Maslin, 2009).  

 

Figure 2.1 Global Temperature Anomalies 

Source: Climate Research Unit
8
, www.cru.uea.ac.uk/cru/info/warming 

                                                           
7 However, the climate change sceptics believe that the levels of carbon dioxide in the atmosphere are rising, but this 

carbon dioxide increase is not a cause of the global warming. Sceptics believe that a change in the earth’s positioning 

or other natural variations could be a cause of the warming. For example, Republican presidential candidate and 

Texas Governor Rick Perry expressed his scepticism about climate change issues. In his speech, Perry agrees that 

climates change, but he believes that climate is changing since the earth was formed. In addition, Rick Perry has 

accused climate scientists of “fibbing” (Graves, 2011).   

 
8 The climate change sceptics requested access to the raw climate data that the scientists at the University of East 

Anglia Climatic Research Unit (CRU) used in their scientific research (Leake, 2009). Scientists at the University of 

East Anglia Climatic Research Unit (CRU) have been admitted throwing away much of the raw temperature data on 

which their predictions of global warming are based. The data were gathered from weather stations around the world, 

and then adjusted to take account of variables (quality controlled and homogenised). The revised data were kept, but 

the original data were thrown away in the 1980s. Six committees have investigated the allegations and published 

reports, finding no evidence of fraud or scientific misconduct. Moreover, from the beginning of January 2006, 

Climate Research Unit has replaced the various temperature anomaly datasets with new versions (Brohan et al., 

2006). 

http://www.cru.uea.ac.uk/cru/info/warming
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Figure 2.1 also shows a number of distinct periods with different trends. Karl et al., 

(1993) calculated the characteristics of the time series, which reveal a cooling of 0.38ºC 

from 1880 to 1910, and then a warming of 1.2ºC from 1911 to 1945. Next a period of 

no significant change from 1946 to 1975, and then a strong warming of 1.96ºC from the 

1970s to 2000s occurred. One other notable characteristic is the large positive anomaly 

for 1998. The three main indicators of global warming
9
 are temperature, precipitation, 

and sea level.  

The temperature increase has been strongest at night over the mid-to-high latitude 

continental areas. The changes in mean temperature are signals of more interesting 

changes in the mean daily maximum and minimum temperatures. For example, 

Easterling et al., (1997) demonstrate that the maximum temperature rate of increase has 

been about one-half the rate of the increase in the minimum temperature. The warming 

of the surface temperature has been greater during the winter and spring seasons and 

lowest during the autumn worldwide (Easterling et al., 1997). 

An increase in average atmospheric temperature of 2ºC can lead to significantly greater 

increases in some areas of the world. Even though these increases may appear relatively 

small, they are predicted to lead to significant consequences. Global warming has 

tended to occur in jumps rather than in a steady fashion (Wood, 2005).  

Strong evidence also supports significant regional changes in precipitation. Significant 

increases in precipitation have occurred in the north and south of Africa, the northern 

part of Europe, and northern and central Asia. The seasonality of precipitation is also 

changing, with increased rainfall in the winter and a decrease in the summer. Long-term 

drying trends have been observed in the Mediterranean, southern Africa, and southern 

Asia (Maslin, 2009). Additionally, the amount of heavy “extreme” rain events has 

increased in the USA, Europe, the former Soviet Union and China (Maslin, 2009).  

                                                           
9However, the climate change sceptics believe that in the global air temperature there  has been a cooling trend. For 

example, billionaire D. Trump points out that the United States experienced in year 2010 the coldest winter ever 

recorded, with snow setting record levels. D. Trump  strongly believes that the former US Vice-President Al Gore is 

wrong on global warming, and that the policies aimed at tackling carbon emissions are harming America’s economy 

(Sheppard, 2010). 
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Moreover, during the last 100 years, global sea levels have risen by about 12 – 22 cm. 

Between 1961 and 2003, global sea levels rose by 1.88 mm per year, with the fastest 

rate being between 1993 and 2003 of 3.1 mm per year (IPCC, 2007). The Greenland and 

Antarctic ice sheets started melting and have contributed to recent sea-level rises (IPCC, 

2007). This issue is important because one of the greatest unknowns of global warming 

is how much the massive ice sheet over Greenland and Antarctica will melt and how 

much this melting will affect seawater levels.  

The state of global ice is extremely important, as shrinking of the ice on land causes the 

sea level to rise. Moreover, glaciers in Europe are in retreat, particularly in the Alps and 

Iceland (Maslin, 2009). Ice cover records from the Tornio River in Finland show that 

the spring thaw of the frozen river now is occurring one month earlier (Maslin, 2009). 

Other evidence of global warming derives from weather patterns and storm records. 

Storm intensity provides evidence for an increase in storm activity over the last 40 

years. In recent years, massive storms and subsequent floods have hit China, Italy, 

Korea, Bangladesh, Venezuela, and Mozambique. In England, floods classified as 

‘once-in-30-years events’ occurred twice in the same month in the year 2000. 

There also is evidence that more storms are occurring in the northern hemisphere. The 

average ocean wave height increased by 40 percent, from 2.5m – 3.5m, between the 

1950s and 1990s (Maslin, 2009). The number of winter extra-tropical cyclones has 

increased markedly over the last 100 years, with significant increases in the occurrence 

in the Pacific and Atlantic sectors since 1970s. Also, since the 1970s, the North Atlantic 

region has experienced an increase in intense tropical hurricane activity (Maslin, 2009). 

Most catastrophes occurred on the American continent and in Asia, with 365 and 310 

incidents, respectively. One hundred twenty natural catastrophes were recorded in 

Europe, 90 in Africa, and 65 in Australia. North and South America accounted for the 

largest portion of losses (around 66 percent). 

Worldwide, 2010 was the wettest on record, but also the hottest year since 1850. The 

most expensive single event was winter snow Xynthia, which caused overall losses of 

$6.1 billion, mainly in Spain and France. The losses arising from floods in Pakistan 

reached $9.5 billion, leaving up to one-quarter of the country flooded for weeks.  
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Extensive damage also resulted from a heat wave in Russia and neighbouring countries 

between July and September. With temperatures reaching as high as 30° Celsius for two 

months, at least 56,000 people died because of heat waves. This death toll makes the 

heat wave the deadliest natural disaster in Russia's history (Tippet & Russell, 2011). 

During 2009, the weather events across the world certainly have been extreme, but in an 

Australian context, the major story is the recent 2010-2011 flooding. 

 

2.2.2 Climate Change in Australia 

Australia is an island continent that contains the most climatic zones in the world. 

Australia stretches from equatorial, tropical and subtropical regions to deserts, 

grasslands, and temperate zones. Seasonal fluctuations occur with temperatures ranging 

from above 50°C to well below 0°C. Minimum temperatures are moderated by the lack 

of mountains and the influence of the surrounding oceans. The Australian environment 

is important to the culture and lifestyle of the Australian people (Australian Bureau of 

Meteorology [ABM], 2010). 

Currently, Australia is the victim of increased climate variability, as indicated by the 

severity of the recent drought, together with storms and increasing warmth of the 

autumns and winters (The Australian Greenhouse Office, 2003). The warming of the 

climate system is unequivocal and could significantly impact Australian human and 

natural systems (IPCC, 2001; Garnaut, 2008). Scientists predict that by 2030, Australia 

will be hotter by at least 1ºC – 2ºC, and will become generally drier and experience a 

significant decrease in moisture balance and total rain run-off. Moreover, an increase in 

frequency and severity of floods and droughts is expected (Garnaut, 2008).  

Surface temperatures in Australia have risen significantly over the past century. 

Australian temperature changes including the observed warming during the second half 

of the century have very likely resulted from increasing atmospheric greenhouse gases 

and sulphate aerosols (Karily & Braganza, 2005). The increase in temperature is 

inconsistent with natural climate trends. Furthermore, the frequency of hot nights has 

increased, and the frequency of cold nights has declined (Nicholls et al., 1996; Nicholls, 

2003). On average, Australia’s temperature has increased by 0.9ºC since 1950, the 
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surrounding oceans have warmed, and sea levels have risen From 1920 to 2000, the 

estimated average relative sea level rise in Australia was 1.2mm per year compared with 

a global rate of 1.8 + 0.3mm (Power & Nicholls, 2007). Substantial warming has 

occurred in the three oceans surrounding Australia, and the warming has been 

significant off the southeast coast of Australia and in the Indian Ocean. The tropical 

Pacific Ocean has warmed over recent decades. Rapid warming in the Tasman Sea is 

likely to have been partly driven by Antarctic ozone depletion
10

 (Maslin, 2009). 

Since 1950, most of eastern and south-western Australian areas experienced substantial 

rainfall declines. Scientists believe, and Power and Nicholls (2007) point out that 

increased levels of greenhouse gases are likely to cause decreases in rainfall in the 

decades to come in southern Australia during the winter, in southern and eastern areas 

during spring, and in the southwest of Western Australia during autumn, compared with 

conditions over the past century. Higher surface temperatures, due to increasing 

warming, accompanied the recent Australian droughts. These droughts are becoming 

more frequent, particularly in the southwest and east, and high-fire-danger weather has 

increased in the southeast of the continent (Power & Nicholls, 2007). 

Between 1967 and 1999, 112 storms occurred in Australia. The total cost of damage 

from severe local storms over this 32-year period was A$9.4 billion. In 2005, 

Australia’s northwest Pacific region alone had 22 tropical cyclones, 14 of which were 

classified as typhoons. During Australia’s 2006 Atlantic region hurricane season, nine 

tropical storms developed, five of which were hurricanes, and two of these were major 

hurricanes. Australia’s northeast Pacific region had 19 storms, which is well above the 

average of 16; eleven reached hurricane strength, of which six achieved major status. 

Twelve tropical cyclones developed in the Australian Basin, two more than the long-

term average. In 2006, tropical cyclone Larry struck Queensland, and was the most 

intense at landfall since 1918 (ABM, 2009).  

                                                           
10By the end of August 2011, the ozone hole area had risen sharply to 21 million km2 and continued to rise to 25 

million km2 by the end of the first week of September, and then dropping to 23 million km.2 This area is similar to 

recent large ozone holes in 2006, 2007, 2008, 2009.  This area was affected by a warm stratospheric anomaly and 

ozone hole is significantly larger in year 2011 than it was in year 2010 (Krummel & Fraser, 2011). 
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The Australian Greenhouse Office (AGO), through the Australian Climate Change 

Science Programme (ACCSP), engaged The Commonwealth Scientific and Industrial 

Research Organisation (CSIRO) and the Australian Bureau of Meteorology (ABM) to 

develop climate change projections for Australia. The AGO predicts that by 2030, 

temperatures will rise by about 1ºC over Australia. The probability of warming 

exceeding 1°C is 10 – 20 percent for coastal areas and more than 50 percent for inland 

regions (Whetton, 2007). The amount of warming will depend on the rate of 

greenhouse gas emissions the global community produces.  Warming of between 1ºC 

and 2.5ºC around 2070 is anticipated if emissions remain low.  

However, under a high-emission scenario the best estimate is a temperature rise of 

3.4ºC, with a range of 2.2ºC to 5ºC. With high emissions, the chance of exceeding 4°C 

is around 10 percent in most of Australia’s coastal areas and 20 – 50 percent inland. 

Changes in temperature extremes also are expected, with fewer frosts and 

substantially more days with temperatures over 35ºC. Severe local storms may come 

with hail, flash flooding and wind damage because a warmer, moister atmosphere 

prompts the development of severe storms (Garnaut, 2008).   

At present, a series of floods in Australia occurred in December 2010 primarily in the 

state of Queensland. The floods forced the evacuation of thousands of people from 

towns and cities. At least 70 towns and over 200,000 people were affected. Damage 

initially was estimated at around A$1 billion. The estimate of lost revenue from 

Australia's GDP is about A$30 billion (Hurst, 2011). Queensland floods were followed 

by the 2011 Victorian floods, which covered more than 50 communities in western and 

central Victoria.  
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2.3 The Oil and Gas Industry  

2.3.1 Significance 

Modern civilisation is built on oil and gas, which appear to be vital to our continued 

economic growth. Thus, they form the axis of social and geo-political tensions. Of all 

energy sources, oil is the largest and the most problematic because of its central role, its 

strategic character, geographic distribution, and geopolitical risks (Yergin, 2008). 

Since Adam Smith, political economists tried to relate national wealth to some national 

characteristic, such as the gross domestic product (GDP) or level of industrialization. 

Today, however, energy consumption may have replaced the GDP and industrialization 

levels as a measure of wealth and poverty across the globe. Unfortunately, high levels of 

per capita energy consumption mark a robust economy. In fact, demand for energy does 

not result from wealth, but instead, promotes and generates wealth (Economides & 

Oligney, 2000).  

Energy is responsible for our modern economy’s industrial growth. Oil and gas, which 

supply 88 percent of the world’s energy, have helped humans to master the physical 

world by providing factories and the transportation of raw materials and products, by 

heating and cooling buildings, and through their role in producing agricultural 

chemicals (Yergin, 2008). The petrochemical industry that arose in the 1960s 

transformed oil and gas into plastics that “replaced traditional materials” in 

manufacturing and in everyday use.  

Moreover, the industrialised world’s growth in production and consumption has not 

been accomplished without an infrastructure, which is built around the use of oil and 

gas (Yergin, 2008). Today, the economies of all nations of the world, developed or 

developing, information, service, or production-based, depend upon oil and gas 

(Heshelow, 2009). Oil and gas have also increased the global struggle for political and 

economic primacy (Economides & Oligney, 2000). In times of war and of peace, access 

to oil and gas supplies have helped build or break nations’ economies; they have been 

decisive in the great political and economic struggles of the twentieth century (Yergin, 

2008).  
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 For the oil and gas industry, the 20
th

 century was a time of confidence and exponential 

growth that brought exponential economic returns (Leeb & Leeb, 2005). Consumption 

tripled in the United States, increased 15 times in Western Europe and 137 times in 

Japan between 1948 and 1972 (22 years). The 1970s saw a dramatic shift in world oil 

sales as demand was catching up with available supplies and the world became more 

dependent on the Middle East and North Africa for petroleum. During 1970s, world 

demand grew by 21 million barrels per day and production in the Middle East and North 

Africa grew by 13 million barrels per day (Yergin, 2008). In the mid-1980s, real supply 

and demand largely matched each other. However, politically motivated acts such as the 

Arab Oil Embargo, which caused the first U.S. energy crisis of the 1970s and 1980s, 

revealed how panic for such a vital resource can cause considerable crises. These events 

established that even a small over- or under-supply can cause price fluctuations of 50 

percent or more, wreaking havoc on oil markets and rendering entire national budgets 

practically useless (Economides & Oligney, 2000).  

In 2000, the world consumed 400 quads of energy per day. Of this, 40 per cent was oil; 

24 percent coal; 22 percent gas; 6 percent nuclear energy; and 8 percent all other energy 

forms, including renewables ― wind, solar and others ― less than 0.5 percent 

(Economides & Oligney, 2000). The US EIA forecasts that global petroleum 

consumption will grow to 99 million barrels per day by 2015 and 116 million barrels 

per day by 2030, compared to 85 million barrels a day in 2010. Oil prices have 

fluctuated wildly over the past few decades. High prices fuel nations’ fear that the world 

is running out of oil, and this anxiety has taken on a name ― “peak oil” (Heshelow, 

2008).  

Peak Oil Concept, introduced by US geologist M. King Hubbert in the 1950′s refers to 

the idea that the world has a finite reserve of oil and that it is running out, and 

underscores the urgency of the situation. Oil production increased in the US throughout 

the 1950s and 1960s. However, in the 1970s production began to decline. What 

happened to oil production in the U.S. will certainly happen worldwide, and much 

sooner than most people expected. Decline in production happened in the North Sea in 

1999 and in Mexico in 2006 (Leeb & Leeb, 2005). Peak oil production does not mean 

the oil is gone. Peak oil means all efforts to increase the oil production rate fail. 
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According to Association for the Study of Peak Oil & Gas (ASPO), Australian oil 

exploration and production began with a reported small discovery made in 1900’ and 

initiated production, which increased between the 1930s and the 1960s. Oil production 

peaked in 2000 and is now set to fall steeply. Like the rest of the world, Australia relies 

heavily on petroleum-based fuel to meet its transport and other energy needs. 

Petroleum-based fuel contributes more than 97 percent of Australia’s total transport 

needs and based on the current rate of growth, demand will increase by about 50 percent 

by 2020. Australia currently imports about 30 percent of its oil, and this percentage is 

expected to surpass 50 percent by 2015. The oil and gas industry is a key player in 

Australia’s economy, which depends more on fossil fuels for wealth generation and 

power supply than most developed economies (ASPO, 2005). 

Oil is not a renewable resource and comes with a high price to the environment. The 

world’s remaining oil resources are diminishing, and supplies are located in oil fields 

that are smaller, or more remote and more difficult to cultivate (Anderson, 2007). Take 

for example, the horrendous 2010 Gulf of Mexico oil spill, in which BP was drilling 

more than 5,000 feet into the depths of the gulf and in doing so, wreaked environmental 

and economic havoc (Harris, 2011). 

The other factor increasing the wild fluctuations in oil and gas prices is financial 

investors’ growing involvement in oil commodities (Yergin, 2009). Oil came to be seen 

as a good gamble and a viable alternative to stocks, bonds, and real estate for managers 

of pension funds and university endowments, along with large and small investors 

seeking high returns (Heshelow, 2008). These factors together pushed prices from as 

low as $5 per barrel in 1973 to more than $200 per barrel in 2008. The rise in oil prices 

brought significant changes in the global economy and a dramatic shift in income. 

Trillions dollars flowed from oil-importing countries to the exporters – one of the 

greatest transfers in income in the history of the world (Yergin, 2008). 

The impact of peak oil is will depend on the rate of decline and the development and 

adoption of effective alternatives. If alternatives are not forthcoming, the products 

produced with oil would become scarce and expensive. Peak oil is the point of 

maximum production while depletion refers to a period of falling reserves and supply 

(Heshelow, 2008). 
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Thus, “peak oil,” climate change, with its weather related extremes and carbon-

mitigation policies could significantly affect the profitability and survivability of the oil 

and gas industry. In extreme cases, the continued existence of numerous oil companies 

is at stake (Wellington & Sauer, 2005). Furthermore, how these challenges are 

addressed will influence the companies’ ability to maintain and create shareholder 

wealth and their market value (The Carbon Trust, 2005). 

In addition, spiralling oil prices due geopolitics, restrictions on access and the ever-

increasing fossil fuel demand in the new super growth economies such as China and 

India, all have led to tight supplies and steadily increasing prices. These factors also 

play a critical role in the global-warming fossil-fuel relationship. Adding to this a 

terrorist attack threat, a weather forecast of a winter month 2ºC colder or a summer 2ºC 

warmer than usual, could lead to significant, instantaneous changes in oil prices and 

affect market value of the oil and gas companies. 

 

2.3.2 Effects of the Weather and Climate Change on the Oil and Gas 

Industry 

Changes in weather and climate and weather-related disasters pose critical risks to the 

oil, natural gas, and petroleum markets because the potential impact on the industry is 

colossal, the effects are global, and the harm is essentially irreversible (Lash & 

Wellington, 2007). In every operation, oil and gas companies engaged in exploration, 

development and production of oil and gas, have been heavily dependent on weather 

conditions, which could result in damage to equipment and personnel. Weather 

conditions also could have negative environmental impacts, due to accidents such as the 

recent Gulf of Mexico spill (Altalo et al., 2000).  

Weather affects the exploration, development, and production of oil and natural gas in 

several ways. For example in exploration and drilling, factors such as water 

temperature, water pressure, ocean currents, and ocean salinity can significantly impact 

the sound waves of seismic oil and gas surveys. The structure of equipment for offshore 

wells depends on the water depth, weather, and sea conditions in the drilling area. 

Weather-related events that affect drilling operations include tropical weather systems, 
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high winds, wave heights, and abnormal currents. Drilling operations from fixed 

platforms are impacted by wind velocity and wave heights (Yergin, 2008).   

Weather-related disasters also can significantly disrupt oil production and refining 

processes. Hurricanes and other severe weather events have the biggest weather related 

impact on production operations by shutting down production and/or transportation and 

by impeding workers’ ability to perform their duties (Lash & Wellington, 2007). 

Weather and climate change conditions also could affect the petroleum market as a 

whole because extreme events impact both potential energy demand and supply more 

dramatically than less extreme events (Montray & William, 2001).  

On the demand side, higher temperatures in the summer and colder temperatures in the 

winter lead to increased energy demand. Factors such as increased demand for heating 

oil in winter and higher gasoline consumption and air conditioning in summer affect 

production needs (Economides & Oligney, 2000). Hurricanes can shut down oil 

refineries and the pipelines that supply them, and extreme and/or more frequent storms 

can impact the supply of natural gas and oil and disrupt the entire energy market. In 

fact, weather has a bigger impact on crude oil supply than demand (Wallin, 2001). 

The weather and climate conditions also are critical to the natural gas market. Natural 

gas suppliers depend on weather forecasts and climate information to estimate demand 

within their service areas. The “cooling-and-heating degree days,” average 

temperatures, and wind patterns help natural gas production companies determine 

demand. Weather also affects movement of the product through the system. Natural gas 

supply planners monitor daily, weekly and monthly weather changes; heating-and-

cooling degree-days; wind speed; percentage of sunlight and storm forecasts to manage 

the daily delivery of products through the storage and pipeline chain to the customers. 

Weather forecasts are used extensively by shippers and natural gas utilities to optimize 

the purchase of natural gas in various markets, particularly for the acquisition of short-

term deliveries.  

In addition, weather-related disruptions to the transportation infrastructure are 

increasingly affecting the efficient movement of petroleum products to end-users. 

Severe storm events can damage oil transmission, and the oil shipment sector also could 
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be significantly affected by weather conditions. For example, the safe, unhindered 

passage of tanker and barge transport depends on calm weather and predictable climate 

conditions. Tanker transport of petroleum products in particular is dependent on weather 

conditions. 

 According to the Australian Maritime Safety Authority (AMSA) data on Australian 

marine oil spills indicate that 70 percent of “incidents” occur in ports and only 30 

percent at sea. Between 1982 and 1998, 27 oil spills of greater than 10 tonnes occurred 

in Australian waters. During the last 10 years, Australia has had five significant oil 

spills, including one in Sydney Harbour ― 250 tons; in Iron Baron off Tasmania -325 

tons; the Kirki off WA ― a massive 17,280 tons; and Montara Wellhead platform off 

the Timor Sea ― 64 tons per day. Statistical analyses have found a 49 percent chance of 

a major oil spill in Australian waters in any five-year period. Weather conditions also 

can impact the shipping of oil from rigs to refineries. Australian oil and gas operations 

are expanding into some critically important marine areas, including Ningaloo Reef, the 

Great Australian Bight, the Great Barrier Reef, and key whale habitats off Victoria and 

Tasmania (AMSA, 2010).  

 

2.3.3 Effects of the Oil and Gas Industry on the Climate  

The public’s views of the environment and their relationship to it have also changed 

over the past few decades in a paradoxical way. The public has simultaneously 

increased its use of and demand for fossil fuels while calling for its regulation to prevent 

global warming. Environmental issues began to surface in the mid-1960s with what has 

become the popular Earth Day celebration, prompted by a growing awareness of water 

and air pollution. The public’s concern prompted utilities around the world to shift from 

coal to less (air) polluting oil. Later, nuclear power emerged as an environmental 

improvement over the combustion of hydrocarbons (Yergin, 2008).   

The second environmental wave, which began in April 1986, following the disastrous  

partial “meltdown” of the Chernobyl nuclear reactor in Ukraine (the former USSR), and 

focused on stopping the development of nuclear power. With clouds of radioactive 

emissions carried by winds across the European continent and the Pacific Ocean, and 
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beyond, what has been dubbed simply “Chernobyl” with its invisible radiation-packed 

clouds provided a tremendous thrust for the new wave of environmentalism. In 2011, 

the escalating problems at the Japanese Fukushima Daiichi nuclear power plant,     

caused by the 8.9 magnitude earthquake and resulting tsunami, are quickly becoming a 

new worldwide nuclear pollution threat.  

The third and most powerful wave of environmental awareness began in the late 1980s 

with the growing realization that climate change was indeed occurring. Governments 

and the public, from nations around the globe and across the entire political spectrum, 

began spreading the word and started initiatives to examine the issue and stop the spread 

of greenhouse gas emissions. The pressure from environmentalists and governmental 

and quasi-environmental agencies on the oil and gas industry has grown.  

Oil and gas industry products (such as crude oil and natural gas) use processes that can 

generate large amounts of waste. Downstream refining and processing operations are 

energy and chemical intensive. Also, this industry presents risks for leaks, spills, and 

explosions. Recently, a BP catastrophic oil spill was one of the worst environmental 

disasters. On April 21, 2010, a BP oil rig off the coast of Louisiana exploded, killing 11 

workers and resulting in a massive oil leak that threatened the eco-system and marine 

life throughout the Gulf Coast. The White House and BP originally estimated the Gulf 

of Mexico oil spill to be at around 5,000 barrels of oil a day. New official estimates 

place that number at around 53,000 a day, officially making it the worst accidental oil 

spill in history (Froomkim, 2010). However, the spill may far exceed this official 

estimation and could range from 56,000 to 84,000 barrels a day (Harris, 2011). The cost 

of clean-up of this environmental disaster is US $ 1 billion. According to the Flow Rate 

Technical Group (2010), in the first six week BP lost US $ 67 billion in its market 

value. 

Moreover, the burning of petroleum fuels and natural gas are the largest sources of 

carbon dioxide (CO2) emissions, believed to be the driving force of climate change 

(World Resources Institute (WRI), 2005). Since the Industrial Revolution beginning in 

the late 1700s, the level of CO2 has increased by more than 30 per cent because of the 

burning of fossil fuels and other human-made emissions, which together have amplified 

the natural “greenhouse effect” (Keeling & Whorf, 2001). From 1990 to 2006, 
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Australia’s net emissions increased by 4.2 percent. In 2006, Australia’s GHG emissions 

from energy use by individuals and industry represented about 70 percent of Australia’s 

total energy use. Australian energy sector emissions increased by about 40 percent 

between 1990 and 2006 (Garnaut, 2008).  

By 2050, worldwide costs due to climate change could be $5,000 billion per year, and a 

1ºC increase in the average temperature could cause up to $2 trillion in damages by that 

time. This warming is a real possibility for the next century, and could lead to 5–20 

percent loss in global GDP (Stern, 2006). The increase in greenhouse gases is predicted 

to lead to changes in climate and will have a significant impact on the natural, social, 

and economic environments.  

 

2.3.4 Effects of the Carbon-Mitigation Policies on the Oil and Gas 

Industry  

In response to the growing concern about global warming, carbon-mitigation polices 

and emissions trading programs have been developed at global and local levels to 

encourage the reduction of global greenhouse emissions. Internationally, the most 

prominent early step in the direction of a low-carbon economy was the 1992 UNFCCC 

and the 1997 Kyoto Protocol. In December 2009, high-level government and industry 

representatives from around the world gathered in Copenhagen to try to de-carbonize 

the global economy, to find common ground for a new framework for cutting GHG 

emissions, and to reduce the effects of climate change. Beyond the rhetoric about saving 

the planet, the argument at Copenhagen was about emission levels and costs for 

reducing them. Reid Detchon, vice-president for energy and climate change at the UN 

Foundation, said that while not even a partial agreement was achieved at Copenhagen, 

“one thing is sure: Copenhagen is the start of the process, not the end of one” 

(UNFCCC, 2009). 

The former Australian Liberal government (1996-2007) declined to ratify the Kyoto 

Protocol, arguing that the protocol would cost Australians’ jobs, and that countries such 

as China and India had no obligation to ratify the Protocol. However, several years 

earlier, in 2003, the NSW enacted the Greenhouse Gas Abatement scheme (GGAS), and 
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following this lead, a National Emission Trading Scheme (NETS) was established in 

some of the other states (GGAS, 2008). Moreover, this previous Australian government, 

along with the United States, agreed to sign the Asia Pacific Partnership on Clean 

Development and Climate at the ASEAN regional meeting in 2005, with the aim of 

developing a global agreement on climate change based on clean technology 

development, rather than the emissions target approaches cited in the Kyoto Protocol 

(Australian Government, 2006). Between 1996 and 2006, Australian state governments 

and business organizations took steps to reduce GHG emissions in Australia. A newly 

elected Australian Labor government in 2007 signed the 1997 Kyoto Protocol. 

The Kyoto Protocol governs the CO2 emissions of developed countries that have signed 

this agreement. Productivity will only be maintained if the polluters seek cleaner, 

renewable alternative energies to replace fossil fuel (oil, gas, coal) energy (The Carbon 

Trust, 2006). The major feature of the Kyoto Protocol is that it sets binding targets for 

37 industrialized countries and the European community to reduce their GHG 

emissions. This target amounts to an average of five per cent against 1990 levels over 

the five-year period 2008-2012. The EU Emission Scheme, which the EU enacted in 

January 2005, and the proposed Australian Emission Scheme, will commence in 2012, 

with the aim to reduce pollution caused by carbon emissions by providing incentives to 

reduce those emissions. 

However, the efforts to reduce the world’s reliance on carbon-polluting activities may 

well be the biggest single challenge — and opportunity ― for business since the 

industrial revolution (Parkinson, 2007).  Regulatory measures aimed to reduce CO2 

emission reduction will have a dramatic impact on the way companies conduct business 

and a profound impact on the oil and gas industry. The regulations that limit CO2 

emissions will impact oil and gas companies in two ways ― directly through capping 

the industry’s carbon dioxide emissions and indirectly by driving the market toward 

low-carbon (or no-carbon and renewable-energy) alternatives to oil and gas (Anderson, 

2007).  

The world today is seeing global growth in the market for solar, wind and other 

renewable energy technologies. According to NGO Clean Edge research, the global bio-

fuel markets will grow from $25.4 billion (in 2007) to 81.1 billion by 2017; wind power 



40 

 

will expand from $30.1 billion to 83.4 billion between 2007 and 2017; the solar PV 

industry will grow from $20.3 billion to $74 billion over the same decade, and the fuel-

cell distributed-hydrogen market will grow from $1.5 billion to $16 billion. The total 

clean energy sector was a $77.3 billion industry in 2007 and is projected to grow to 

more than $254.5 billion by 2017 (Pernic & Wilder, 2008). 

In the energy market, regulatory forces will help solar and wind power to become cost-

competitive with natural gas, and thus pose a threat to the global oil and gas industry’s 

bottom line. As the global market for bio-fuels grows, the oil and gas industry will face 

threats as well (Renewable Energy Policy Network, 2005). Combating climate change 

has become a central goal in nations’ energy strategies as well as in the global strategy 

put forth in the Kyoto Protocol.  

The regulation of carbon dioxide and other harmful GHG emissions is increasing 

worldwide demand for technologies that deliver energy with reduced or zero amounts of 

GHGs. Analysts predict a tremendous push for a technological revolution in the energy-

producing industry. The central goal: How can electricity be generated, distributed and 

consumed at a reasonable price, without risks to national security, and without 

destroying the planet. The need for new energy supplies ― renewables and alternatives 

― to stop the advance of climate change has stimulated the value of this industry in 

R&D and sales (Paul, 2007).  

 

2.4      Summary 

The high number of weather-related natural catastrophes and record temperatures both 

globally and in different regions of the world provide further indications of advancing 

climate change. While it is difficult to predict, scientists forecast various climate 

outcomes if we continue down the road of “business as usual” producing increasing 

levels of fossil fuel emissions resulting in: 1) continued atmospheric warming with 

increasing weather volatility; 2) a significant and more rapid loss of Greenland’s ice 

caps: 3) an abrupt change to much warmer global temperatures and a “cold shift” in the 

northern hemisphere caused by a rapid acceleration in sea level rise from Greenland and 

Antarctica’s melting ice (Stokstad, 2004).  At present, Australia is a land of more 



41 

 

droughts and worse flooding rains at the same time. Lately, Australia is suffering from 

increasingly regular and ruinous extreme weather events. These events have a huge 

impact on the Australian economy.  

Global warming will significantly change the climate in this century if the global 

community cannot reverse the current global emissions trends. The major source of 

global CO2 is the burning of fossil fuels. Since fossil fuels are the main product of the 

oil and gas industry, this industry is a significant contributor to climate change. 

However, weather extremes and climate change conditions also affect the oil and gas 

companies. Moreover, the regulations that limit CO2 emissions will impact oil and gas 

companies in two ways ― directly through capping the industry’s carbon dioxide 

emissions, and indirectly by driving the market toward low-carbon (or no-carbon and 

renewable-energy) alternatives to oil and gas (Anderson, 2007).  

Also, the oil and gas industry faces growing constraints in accessing oil and gas 

reserves, as the continual search for new sources conflicts with growing efforts to 

protect biodiversity and preserve ecosystems. Climate change, with its weather related 

extremes, carbon-mitigation polices, and global public process could alter the 

economies of the entire oil and gas industry and could significantly affect the 

profitability and survivability of oil and gas companies. In extreme cases, the continued 

existence of numerous oil companies is at stake (Wellington & Sauer, 2005).  

In summary, the oil and gas industry, driven, like all industries, to increase its market 

share and make profits, significantly contributes to carbon emissions that drive climate 

change. By virtue of its carbon-intensive products and long capital investment horizon, 

the oil and gas industry is uniquely exposed to economic and competitive risks (Dunlop, 

2007). Even before the advent of climate change due to GHG emissions, environmental 

issues had influenced firms’ profitability and market value in the oil and gas industry. 

Since oil and gas companies are significantly impacted by climate change and 

significantly contribute to climate change (IPCC, 2007; Anderson, 2007), investors’ 

perceptions could have an enormous impact on the market value of the oil and gas 

industry.
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Chapter 3 

Literature Review 

 

3.1  Introduction  

Climate change is clearly a pressing economic, social, ecological, and political issue as 

the world moves into the 21
st
 century. Business communities and governments have 

realised the seriousness of climate change (Parkinson, 2007). Most nations and 

scientists concur with the IPCC’s finding that discretionary human influence now 

extends to other aspects of climate, including ocean warming, weather extremes, and 

wind patterns (IPCC, 2007). Australia, along with the rest of the world, is now 

confronting the problems of climate change. As stated succinctly in The Garnaut 

Climate Change Review, climate variability and new policies pose a challenge to 

Australian communities and industries that rely on or use natural resources (Garnaut, 

2008).  

One way financial markets could and should change is to value companies on not only 

profits and dividends, but also long-term environmental and social costs. Public concern 

about possible effects of GHG is increasing (Anderson, 2007), and as The Carbon Trust 

(2005) notes, investors are beginning to realise that climate change and the need for 

constraints on emission of GHG poses a significant risk across the economy. This 

literature review also focuses on climate change and environmental issues and their 

value relevance. Additionally, this chapter identifies issues that have not been addressed 

in previous studies on climate change. 

Section 3.2 complements Chapter 2 “Climate Change and the Oil and Gas Industry” and 

establishes the significance of the present research. Chapter 3 reviews the IPCC’s 

assessment reports and discusses the climate change objectives and policies outlined in 

the 1992 UNFCCC (in Rio de Janeiro), the 1997 Kyoto Protocol, and the UN Climate 

Change Conference 2009 (Copenhagen). This chapter outlines the institutional 

architecture on climate change, summarizes the most widely known reviews, and 

reports on climate change and the role of the financial markets.  
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 Also, Chapter 3 summarizes the increasing body of research on how weather affects the 

emotional states of investors and their decision-making process, and reviews weather 

effects on the weather-sensitive energy-production sector. Moreover, this Chapter 

examines significant and up-to-date research on the value relevance of environmental 

issues.  This literature review focuses on studies that have demonstrated the significance 

and diverse nature of the risks and opportunities that arise from climate change, and the 

role of the financial market in this vital issue. 

Chapter 3 provides the foundation for this study’s research questions and methodology.  

This Chapter reviews the capital market research, sets the foundation of the value 

relevance of climate change, and this study’s theoretical framework. Section 3.3 

explores traditional financial theories of stock price behaviour and analyses traditional 

financial and behavioural models.  

The literature review in section 3.4 on the methodology, design and variables discusses 

empirical models and identifies weather variables applied in scientific climate change 

research. This section also compares the environmental and financial performance 

methodologies and variables applied in academic research. This part evaluates and 

identifies the most advanced econometric models and variables used in weather-

sensitive markets and in environmental psychology research. Section 3.4 lays the 

foundation for the present research design, methods, and empirical analysis. Section 3.5 

integrates the relevant literature, identifies a gap in the literature, and sets up a 

justification for the research questions.  
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3.2 Climate Change 

Over the last century, scientists around the world have turned their attention to 

measuring and understanding global warming and climate change. Landmarks have 

been established by the Intergovernmental Panel on Climate Change (IPCC), 

established in 1988 by the United Nations Environmental Panel (UNEP) and the World 

Meteorological Organisation (WMO). The IPCC is recognised as the most authoritative 

scientific and technical voice on climate change and its previous assessments have had a 

significant influence on the participants and outcomes of the 1992 UNFCCC, the 1997 

Kyoto Protocol, and the UN Climate Change Conference 2009 in Copenhagen (Maslin, 

2009). In 2008, the IPCC was awarded the Noble Peace Prize, jointly with former US 

Vice-President Al Gore,
11

 to acknowledge their work, including the efforts of the IPCC 

during the past 20 years. 

Many institutions and economists have been involved in the study of climate change 

since the beginning of the IPPC process. The first major publication on climate change 

was the work of the UK government, which commissioned the Stern Report on The 

Economics of Climate Change in 2006. This report was led by Sir Nicholas Stern, 

adviser to the UK government on the economics of climate change. The Australian 

federation of states commissioned Professor Ross Garnaut to examine the impacts of 

climate change on Australia, which resulted in The Garnaut Climate Change Review 

(2008), which recommends policy frameworks to improve the prospects of sustainable 

prosperity. 

                                                           
11

 Al Gore has become one of the world's leading global warming activists after his documentary An Inconvenient 

Truth about the dangers of global warming. The IPCC group’s 2,500 researchers from more than 130 nations, issued 

reports which blamed human activities for climate changes. However, many sceptics believe that the former US Vice-

President is wrong on global warming. Moreover, an American business magnate Donald Trump has called for Al 

Gore to be stripped of the Nobel Peace prize awarded for campaigning on climate change. Also, some sceptics 

believe that the UN IPCC 2007 Report contains false information.  

 

In addition, the former US Vice-President Al Gore received much criticism for the high electric use of his 10,000-

square-foot historic home in Nashville. However, Gore said that he has added 33 rooftop solar panels and seven 

geothermal wells and buys only renewable energy (Koch, 2010). In response, many scientists have gone to great 

lengths to explain that the record snowfalls do not disprove man-made global warming, while some have even said 

climate change  could have contributed to the storm (Jones, 2010). Moreover, according the New York Times article, 

the fossil fuel industry has created financed institutes to produce anti-global-warming studies to question the science, 

and generated scores of economic analyses that purport to show that policies to reduce emissions of climate-altering 

gases will have a devastating effect on jobs and the overall economy (Broder, 2010). 
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3.2.1 The Intergovernmental Panel on Climate Change Assessments  

The purpose of the UN Intergovernmental Panel on Climate Change is to assess studies 

on the various aspects of climate change, including scientific, environmental and 

socioeconomic impacts and response strategies. Its role is also to bring together all key 

research published worldwide and produce a consensus on climate change issues 

(Maslin, 2009). IPCC’s Working Group I (WG1) assesses available scientific 

information on climate systems and climate change; Working Group II (WGII) assesses 

environmental and socio-economic impacts; and Working Group III (WG III) 

formulates response strategies of the UN. IPCC authors are nominated by governments 

from around the globe, and international organisations, including NGOs (IPCC, 2007). 

The First Assessment Report (FAR), (IPPC, 1991) provides information on the 

“anthropogenic alteration of the climate system” from CO2 emissions, potential impacts 

and available cost-effective response measures in terms of mitigation, mainly in the 

form of carbon taxes, without much concern for equity issues. IPCC concludes that the 

over-concentration of greenhouse gases is producing global warming that affects the 

world’s long-term climate. The report concludes that there is a 90 percent probability 

that an atmospheric increase in GHG emissions is human-induced, mostly because of 

fossil fuel emissions.  

The Second Assessment Report (SAR) (IPCC, 1996) discusses and analyses the 

adaptation of the human system in response to actual or expected climatic stimuli or 

their effects to climate change and mitigation of greenhouse gas emissions. This report 

addresses the vulnerability of the human and natural systems to climate change, the 

negative and positive consequences of climate change, and options for adapting to them. 

The report includes the socio-economic issues relating to the cost of climate change’s 

impacts and provides a cost-benefit analysis (CBA) for use in government’s decision-

making processes. Global warming’s socio-institutional context is emphasized as well 

as issues of equity, development, and sustainability.   

The Third Assessment Report (TAR) (IPCC, 2001) introduces the concept of mitigating 

capacity, and shifts attention to sustainability concerns. Four issues are identified: 

costing methods, uncertainties, decision-analysis frameworks and development, equity 
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and sustainability. TAR discusses options for limiting greenhouse gas emissions and 

otherwise mitigating climate change, as well as economic issues.  

The Fourth Assessment Report (AR4) (IPCC, 2007) summarizes the information 

contained in previous IPCC reports the special reports “Carbon Dioxide Capture and 

Storage,” “Safeguarding the Ozone Layer,” and “The Global System.” IPCC assesses 

and reviews the scientific literature published since 2000, discusses the driving forces 

behind GHG emissions and short- and medium-term mitigation measures, and 

emphasizes the role of technology in terms of mitigating GHG emissions relative to 

social, economic, and institutional inertia. The AR4 focuses more on resolution of 

worldwide mitigation options and costs and addresses the issues of energy, transport, 

infrastructure in residential, commercial, service sectors and industrial sectors, including 

internal recycling and reuse of industrial wastes, agricultural, and forestry.  

The AR4 addresses important differences across regions and emphasizes previous new 

issues, such as risks and uncertainties related to the implementation of UNFCCC, 

decision- and policy-making processes, cost and potential for mitigation, adaptation and 

sustainable development, air pollution, and climate change. The AR4 also examines the 

relationship between adaptation to climate change, mitigation of GHG emissions, and 

avoidable climate change damage in the light of implementation of UNFCCC. The AR4 

report integrates all these aspects and states that sustainable development is necessary 

for climate mitigation, and assesses GHG emission impacts on sustainable development 

policies and targets. This report summarises relevant treaties, cooperative development 

agreements, and private-public partnerships, and private sector initiatives and their 

relationship to climate objectives. 

 

3.2.2   United Nations Framework Convention on Climate Change and 

Related Treaties  

The institutional architecture for climate change includes various, wide-ranging entities 

and processes. At the international level, these include not only the 1992 Rio De Janeiro 

Earth Summit, the 1997 Kyoto Protocol, and 2009 Copenhagen Earth Summit, but also 

the 1992 Millennium Development Goals, the 2002 World Summit on Sustainable 
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Development, with its Johannesburg Plan for Implementation, and the 1992 UN 

Commission on Sustainable Development, which all have broad and important 

connections to climate change. Other key international players in remediating GHG-

related climate change include the UN General Assembly, the World Economic Forum 

in partnership with the World Business Council for Sustainable Development (WBCSD, 

the WTO and the World Bank.  

The UNFCCC created at the Rio De Janeiro Earth Summit in June 1992, negotiated a 

worldwide agreement for reducing greenhouse gases and limiting the impact of global 

warming. Thus, three important steps were taken: 1) In December 1997, the Kyoto 

(Japan) Protocol was created, which provides general principles for a worldwide treaty 

on cutting GHG emissions, 2) In Bonn (Germany) in July 2001, the Kyoto Protocol was 

ratified and signed, and 3) The Kyoto Protocol, which required developed countries to 

reduce GHG emissions, came into force in February 2005.  

 

3.2.2.1 Report of the UNFCCC (UN, 1992)  

In the 1992 UNFCCC report, all parties acknowledged that changes in the Earth’s 

climate and its adverse effects are common concerns of humankind.  This report’s 26 

articles define the objectives, principles, commitments, and responsibilities of countries. 

UNFCCC report describes the financial mechanisms, established bodies responsible for 

preparation and implementation of decisions and other relevant issues. The objective of 

UNFCCC is “to achieve the stabilization of GHG concentrations in the atmosphere at a 

level that would prevent dangerous anthropogenic interference with the climate system” 

(Article 2, p. 4). These atmospheric concentrations levels should be achieved within a 

period sufficient to allow the ecosystem to adapt naturally to climate change and to 

enable economic development to proceed in a sustainable manner.  

Article 3 provides guidance for achievement and implementation of the UNFCCC 

objectives and describes requirements to protect the climate system for the “benefit of 

present and future generations, based on equity and in accordance with their common 

but differentiated responsibilities and respective capabilities” (p. 4). Article 4 requires 

developed countries to take the lead in combating climate change and the adverse 
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effects. Article 11 prescribes an equitable and balanced financial mechanism for 

providing financial resources for the implementation of this Convention and for the 

transfer of technology. Article 12 describes how information related to implementation 

should be collected and communicated. Other articles establish the bodies for scientific 

and technological advice and implementation, and describe specific national priorities 

and objectives. 

 

3.2.2.2 Kyoto Protocol 1997 and Key Provisions  

The UN Framework Convention on Climate Change in 1997 produced the Kyoto 

Protocol as a first and necessary step to meet GHG emissions and climate change as 

mandated in the UNFCCC’s Article 4. The major distinction between the Protocol and 

the Convention is that while the Convention encouraged industrialized countries to 

stabilize GHG emissions, the Protocol commits them to GHG reduction from 1990 

levels by the year 2012. National reductions in emissions range from 8 percent for the 

European Union and others, to 7 percent for the US, 6 percent for Japan, 0 percent for 

Russia, and permitted increases of 8 percent for Australia and 10 percent for Iceland. 

The Kyoto Protocol has the same ultimate objective as the UNFCCC, which is “the 

stabilization of atmospheric concentrations of greenhouse gases at a level that would 

prevent dangerous anthropogenic interference with the climate system” (UN, 1992, 

Article 2, p. 4). 

However, before signing the Kyoto Protocol, the Contracting Parties reviewed the 

commitments by the developed countries at a second UNFCCC of Parties in Berlin in 

1995. The Conference adopted the “Berlin Mandate” and launched a new round of 

negotiations aimed to strengthen the commitment of the Contracting Parties from 

developed countries. At the third Conference in Kyoto on 11 December 1997, the 

Parties adopted the Kyoto Protocol in Kyoto, Japan. As of November 2009, 187 

countries and the European Economic Community have ratified the agreement. 
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Kyoto Protocol Key Provisions 

In accordance with the Kyoto Protocol, Contracting Parties from developed countries 

are committed to reducing their combined greenhouse gas emissions by at least 5 

percent from 1990 levels. The targets cover the six primary greenhouse gases ― carbon 

dioxide CO2, methane (CH4), nitrous oxide (N20), hydro fluorocarbons (HFCs), per 

fluorocarbons (PFCs), and sulphur hexafluoride (SF6) ― along with some activities in 

land-use such as large-scale agriculture and forestry that remove CO2 from the 

atmosphere. Each Contracting Party from developed countries is mandated to make 

“demonstrable progress” in emission reduction by 2005. The Kyoto Protocol also 

establishes three innovative GHG-reducing mechanisms:  

1. Emission trading (Carbon Market) 

2. Clean Development Mechanism (CDM) 

3. Joint Implementation (JI) 

These mechanisms are designed to stimulate green investment and help Contracting 

Parties meet their emission targets in a cost-effective way. The clean development 

mechanism (CDM) also aims to promote sustainable development in developing 

countries.  

The Kyoto Protocol requires Contracting Parties from developed countries to report 

supplementary information that demonstrates compliance with their commitments under 

the Protocol in accordance with guidelines to be developed. The submitted information 

shall be reviewed by the UN expert review teams, pursuant to guidelines established by 

the Conference of the Parties, which is the supreme body that regularly reviews and 

promotes effective implementation of the UNFCCC and Kyoto Protocol. The Kyoto 

Protocol requires that Contracting Parties shall periodically review the Protocol in the 

light of the best available scientific information and assessment on climate change and 

its impacts. This review shall take place at regular intervals and in a timely manner.  
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Progress towards Kyoto Targets  

The World Bank (2008) reports that progress towards emission reduction commitments 

set in the Kyoto Protocol and the performance across individual countries are 

significantly different. For the non-Economies-in-Transition (non-EIT) Kyoto Protocol 

(KP) Parties, emissions in year 2005 were 5 percent higher than 1990 levels (World 

Bank, 2008). Their Kyoto target for years 2008-2012 is a 6 percent reduction in 

emissions. The non-EITs KP Parties are Australia, Austria, Belgium, Canada, Denmark, 

Finland, France, Germany, Greece, Iceland, Ireland, Italy, Japan, Liechtenstein, 

Luxembourg, Monaco, Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, 

Switzerland, and the United Kingdom. The Economies in Transition (EIT) Kyoto 

Protocol Parties emissions in year 2005 were 35 percent below 1990 levels. Their Kyoto 

target for years 2008-2012 is a 2 percent reduction in emissions. The EIT KP Parties are 

Belarus, Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania, 

Poland, Romania, Russian Federation, Slovakia, Slovenia, and Ukraine.  

In total, Kyoto Protocol Parties emissions for year 2005 were 14 percent below their 

1990 levels. Collectively, for industrialized countries the target was a 4 percent 

reduction in emissions relative to 1990 levels. However, reduction in the 1990s was 

driven by economic restructuring in the economies-in-transition, and had little to do 

with climate change policy (Carbon Trust, 2009). According to the Netherlands 

Environmental Assessment Agency, the industrialized countries with a Kyoto target in 

2012 will, as a group, probably meet their emission limitation requirements. 

In 2005, the non-Kyoto Protocol Parties emissions were 18 percent above their 1990 

levels. The non-Kyoto Protocol Parties are Turkey
12

 and the United States. Emissions in 

the US have increased 16 percent since 1990. According to PBL (2009), the US will not 

meet its original Kyoto target of a 6 percent reduction in emissions in year 2012. 

 

 

                                                           
12

 At present, Turkey has ratified the Kyoto Protocol. 
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International Emissions Trading and Clean Development Mechanism 

Between years 2001 and 2012, Clean Development Mechanism (CDM) is expected to 

produce some 1.5 billion tons of carbon dioxide equivalents in emission reductions.  

Most of these reductions are through renewable energy, energy efficiency, and fuel 

switching (World Bank, 2008). Also, a number of Emissions Trading Schemes (ETS) 

have been, or are planned to be, implemented (Hood, 2010): 

I. Asia 

1. Japan: Emissions Trading Scheme (year 2010). 

II.  Europe 

1. European Union (European Union Emission Trading Scheme (year 2005). 

Norway: domestic Emissions Trading Scheme in Norway (year 2005).  

2. Switzerland: The Swiss Emission Trading Scheme (year 2008).  

3. United Kingdom:  

1) The UK Emission Trading Scheme (year 2002). 

2) The UK Carbon Reduction Commitment Energy Efficiency Scheme (year 

2010). 

III. North America 

1. Canada: Emissions Trading Scheme (year, 2007).  

2. United States:  

1) The Regional Greenhouse Gas Initiative (year 2009) in ten northeastern US 

states Emissions Trading Scheme in California (year 2012). 

2) The Western Climate Initiative (WCI)
13

 (year 2012).  

IV.      Oceania 

1. Australia: the New South Wales Greenhouse Gas Reduction Scheme 

(NSW), which started in 2003. Australian Emission trading Scheme 

(2015-2017). 

2. New Zealand: the New Zealand Emissions Trading Scheme (year 2008). 

                                                           
13 This is a collective agreement between 11 US states and Canadian provinces. 
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3.2.2.3 Copenhagen Earth Summit  

In 2012, the Kyoto Protocol expires. To keep the process on target a new climate 

protocol is urgently needed. The purpose of the negotiations was to create a 

comprehensive, legally binding international treaty to replace the Kyoto Protocol. The 

delegates of the UN Climate Change Conference met on 18 December 2009, in 

Copenhagen and agreed to endorse the continuation of the Kyoto Protocol in the 

Copenhagen Accord. The Copenhagen Accord is a three-page document that was 

eventually put together by the US, India, China, Brazil and South Africa, and which was 

"noted" by the 194 countries involved in the negotiations. However, the Accord is not 

legally binding and does not commit countries to agree to a binding successor to the 

Kyoto Protocol. Nevertheless, Yvo de Boer, the Executive Secretary of the UNFCCC, 

outlined five essentials for success in Copenhagen: 

1. Enhanced donation assistance to the most vulnerable and poorest nations.  

2. Major industrial countries must propose substantial GHG emission reductions. 

3.  Emerging economies such as China and India must limit the growth of their 

emissions.  

4. Developing countries engaged in mitigation and adaptation activities should be 

financed through both short-term and long-term funds.  

5. An equitable governance structure for the management and deployment of 

financial resources. 

Post-2012 Agreement ― Copenhagen Accord  

Heads of state, ministers, and other delegation leaders who attended the 2009 UN 

Climate Change Conference in Copenhagen agreed to pursue “the ultimate objective of 

the Convention” (UN, 1992, Article 2) and agreed that climate change is one of the 

greatest challenges facing the planet. The Accord recognizes the scientific view that the 

increase in global temperature should be below 2° Celsius if GHG emissions are 

reduced by 5 percent.  The Accord gives developing countries a longer period for 

meeting this objective while recognizing that adapting to the adverse effects of climate 

change and its impacts is a challenge faced by all countries. 



53 

 

Emissions per-capita in low income countries are much lower than in industrialized 

countries. However, in some large developing countries such as China, India, Thailand, 

Indonesia, Egypt, Iran, and fast growing economies GHG emissions have increased 

rapidly. For example, emissions in China have risen strongly over the 1990-2005 

period, but China did not have quantitative emission reduction commitments (PBL, 

2009). For this reason, the United States and other industrialized countries required 

China,
14

 India, and other fast-growing emerging economies to cut emissions. The 

Accord stresses that the developed countries shall provide adequate, predictable and 

sustainable financial resources, technology,
15

 and capacity building to support the 

implementation of adaptation action in developing countries. The document highlights 

that delivery of reductions and financing by developed countries will be measured and 

reported in accordance with guidelines adopted by the Conference of the Parties, and 

will ensure that accounting of such targets is robust and transparent.  

Furthermore, new and additional funding shall be provided to developing countries, a 

Green Climate Fund shall be established to support projects, programs, policies, and 

other activities in developing countries related to mitigation and adaptation. To hasten 

action on technology development and transfer, the Accord establishes a mechanism to 

support action on adaptation and mitigation based on national circumstances and 

priorities.  The Accord calls for implementation assessment by 2015.  

In a major speech about the prospects for the Copenhagen 2009 meeting, Lord 

Nicholas Stern, chair of the Grantham Research Institute on Climate Change and the 

Environment, noted that it is possible to create a 50-50 chance of avoiding a rise in 

global average temperature of more than 2˚C, which many scientists regard as the 

threshold for “dangerous” climate change. He added,  

                                                           
14

 Moreover, the UN suspended approvals for Chinese wind farms over concerns that the country had been 

deliberately lowering subsidies in order to qualify for funding. In addition, several African countries expressed their 

concern that CDM projects were not well distributed, and that this action poorly represented among African countries 

within the list of participants. Of the 1500 CDM projects registered within developing countries, only a few dozen are 

in Africa while the majority of CDM credits have been concentrated in China – a country that holds perhaps the least 

need for financing under the CDM. 

 
15 Negotiating blocs disagreed on a number of issues, including how the technology transfer mechanism should be 

financed. Intellectual property (IP) rights are also a concern for several parties (Gersetter, Christiane; Marcinello, 

Dominic, 2009). 
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Although we are making some progress on commitments for cuts in greenhouse 

gas emissions, a major challenge is for rich countries to provide sufficient 

financial support to help developing countries to reduce their emissions and to 

adapt to those impacts that cannot now be avoided. The rich countries should find 

US$50 billion, or about 0.1 percent of their gross domestic product, a year by 

2015 to help the developing countries, over and above existing commitments on 

development aid (2009, http://www.lse.ac.uk./newsAndMedia). 

The Accord stresses that developed countries collectively commit to a sum approaching 

USD 30 billion for the years 2010-2012 and also collectively provide USD 100 billion 

per year by 2020. This money will come from various sources, both public and 

private.
16

 Ambassador Lumumba Di-Aping and chair of the G77 demanded developed 

nations donate up to five percent of their GDP to long-term financing. More moderately, 

Oxfam International argued that the pledged USD 100 billion per year is only half of 

what developing countries need (Paige & Karais, 2010). 

On 24 January 2010, environment ministers from Brazil, South Africa, India and China 

took part in a meeting in New Delhi to discuss their ongoing commitments to the 

Copenhagen Accord, and the UNFCCC process. They agreed to submit voluntary 

mitigation actions they would be undertaking. These countries also called for the US$10 

billion funding from developed countries to be released to developing countries as soon 

as possible. Also, around 55 countries, including China, India, the US and the EU, had 

submitted their emissions reduction targets.  As expected, the US submitted a 17 percent 

cut from 2005 levels, and the EU put forward a 20 percent cut from 1990 levels. 

 

 

 

                                                           
16

 The announcement did not result in the boosting effect expected, but surprisingly raised many criticisms. Funding 

the implementation stage (2013-2020) is expected to cost between $20 and $35 billion. The Copenhagen Accord is 

silent about details regarding administration and management of the fund. Ultimately, the key question is who will 

control the new funds. The US favours the World Bank as trustee, but the developing nations want a new body 

directly under the control of the UNFCCC (Paige & Karais, 2010). 

 

 

http://www.lse.ac.uk./newsAndMedia
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3.2.3 Economists’ Reports on Climate Change 

Economists have been involved in studying and analysing climate change from the early 

1990s, at the very beginning of the UN process. In The Economics of Climate Change, 

Stern (2006) discusses the effects of climate change and global warming on the world 

economy. The Stern Review, one of the most comprehensive and widely circulated of 

its kind, suggests that climate change threatens to be the greatest human failure ever 

seen.  This report offers environmental taxes and other policies to minimise economic 

and social disruptions. The report focuses on the economic impact of climate change, 

and the costs and benefits of taking action to address climate change from a global 

perspective. Clearly, climate change has global causes and consequences, and 

international collective action is critical in addressing the problem effectively, 

efficiently, and equitably.  

Stern points out that all countries need to spend 1 percent of their GDP to stop 

greenhouse gases from rising to dangerous levels. Failure to take this action will lead to 

damage costing much more, which he estimates to be from 5 percent to more than 20 

percent of global GDP. The logical solution, to transition to a low-carbon economy, the 

report states, will bring challenges for competitiveness, but also opportunities for 

growth. Policies to support the development of low-carbon and high-efficiency 

technologies are urgently required.  

In general, the Stern Review examined the evidence on the economic impacts of climate 

change, and explored the costs of decreasing greenhouse gases in the atmosphere. The 

report also considered the complex policy challenges involved in managing a global 

transition to a low-carbon economy.  Stern’s report described climate change as “an 

economic externality,” and recommends regulation, carbon taxes, and carbon trading to 

reduce greenhouse gas emissions. Stern argued that the world economy can lower the 

greenhouse gas emissions at a significant, but manageable cost and concludes that 

immediate reductions of GHG emissions are necessary to reduce the risks of climate 

change (the worse risk being the destruction of human and animal habitats, which would 

threaten the existence of human life on Earth).  
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However, this view is completely different from the highly controversial view of Bjorn 

Lomborg, an author of The Skeptical Environmentalist (2001), who suggested that a 

better use of money and resources would be to alleviate poverty and rapidly develop the 

“Third World.”  In Lomborg’s subsequent books, the economist argued that the cost of 

cutting global GHG emissions is extremely high and that those who suffer most from 

the effects of climate change are those living in the poorest countries. The Stern report 

also has been criticized by others economists for being overly optimistic about the cost 

of adapting to a low-carbon energy source worldwide. Critics assert that the emissions 

numbers used by the IPCC 2007 are too low, but the costs of reducing these numbers 

would be much higher (Maslin, 2009). In 2008, Lord Nicholas Stern has revised his 

estimated costs up to 2 percent of the World’s GDP because he believes that global 

warming is occurring faster than previously expected.  

In the Australian context, the authors of The Garnaut Climate Change Review (Garnaut, 

2008) asked to what extent the global mitigation of GHG emissions provides the excess 

of gains over costs of that mitigation? The Review’s starting point is that human activity 

has caused substantial increases in GHG emissions, and creates a high probability that 

dangerous climate changes will occur in the next 50 to 100 years.  Growth in emissions 

is expected to have a severe and costly impact on Australia’s agriculture, infrastructure, 

biodiversity, and ecosystems. The Review states that developing countries also are 

becoming major contributors to global emissions increases, and that this trend, without 

mitigation, will account for about 90 percent of emissions growth in the near future. 

Emissions from the energy sector will be the main driver of an expected quadrupling of 

emissions by 2100 if mitigation measures will not be put in place. However, some 

predictions for when this peak will occur are controversial and vary from 2015 to 2040. 

Garnaut believes that the 90 years period involves a special challenge, requiring us to 

measure how we value the welfare of future generations relative to our own. The study 

concludes that the collapse and chaos that will accompany extreme climate change will 

destabilise virtually every aspect of modern life.  

The Garnaut Review held hope out that the UN meeting in Copenhagen in December 

2009 would take an important step in achieving global agreement on reduction of GHG 

emissions. All developed and high income countries, as well as developing nations such 
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as India and China, must sign on to binding agreements on emissions limits at the start 

of the new commitment period of the Kyoto Protocol in 2013. Also, all developing 

countries should be required to accept GHG emissions’ targets below “business as 

usual” amounts. Moreover, a well-designed emissions trading scheme has important 

advantages over a policy of intervention. The Review emphasises that trade in emission 

rights is greatly preferable to trade in offset credits, which should be restricted. 

However, a carbon tax would be better than a heavily compromised emissions trading 

scheme.  

As stated in the Garnaut Review, Australia is exceptionally well endowed with energy 

options, across the range of fossil fuel and low-emission technologies. In addition, the 

support for research, development, and commercialization will lead to successful 

transition to a near-zero emissions energy sector by next 50 years. Moreover, Australia 

has an abundance of human resources strengths in engineering, finance and 

management ― important assets for transitioning to a low-emission economy, the 

Review points out. 

Nevertheless, the Garnaut Review was heavily criticized by the Australian Chamber of 

Commerce and Industry for the impact that mitigation of GHG emissions would have 

on Australia’s economy. In addition, environmental organizations including Friends of 

the Earth disagreed with the report’s estimated target of 10 percent reductions in GHG 

by 2100, claiming this number was too low. However, Australian Green leader Bob 

Brown asserted that the report demonstrated that reducing GHG emissions would not 

affect the economy.   

In regard to the Emission Trading Scheme (ETS), Bill Mitchell, an economics professor 

and Director of the Centre of Full Employment and Equity, believes that the ETS 

represents simply the privatisation of the common asset ― the atmosphere. He claims 

that the ETS would create private property relations over public space. He believes tax-

based approaches would be more successful in reducing emissions because they are less 

corruptible as the tax system would be less open to manipulation. Further, a carbon tax 

can be implemented more speedily than an ETS and impacts on all polluters according 

to Mitchell. Bill Mitchell justifies this argument that Cap-and-Trade measures target 
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only large firms whereas a carbon tax also would assist small businesses, including 

farmers.  

 Thus, politicians and economists have taken the threat of climate change seriously since 

the late 1990s, which has led to recognition of the validity of climate change and the 

threats of global warming. Moreover, economists sent a serious message around the 

world and marked a turning point in public opinion that climate change was in fact a 

real threat.  If economists are worried about the cost of climate change, the threat must 

be real (Maslin, 2009). The growing recognition of the need for governments and 

industry to act immediately to significantly decrease global greenhouse emissions led to 

numerous books, articles, government studies, and policies, and regulatory approaches 

to address this concern. 

 

3.2.4 Institutional Reports on Climate Change 

A number of well-respected economists and other scholars have published papers and 

reports on the potential impacts of climate change mitigation policies on the global 

economy. Some authors report that climate change and its mitigation policies pose a 

significant risk for many areas of the economy, while other policies provide new 

opportunities for companies. Increasingly, non-profit organisations, and other public 

and private finance and insurance institutions are basing their funding, investment, and 

other resources on the environmental acceptability of projects and proposals (Pring, 

1999).   

Business Responses to Global Climate Change, a report prepared by The Carbon Trust 

(2006), studied the evolution of corporate climate-change mitigation strategies of 

multinational companies. The aim was to identify successful corporate climate 

strategies that pay specific attention to market components related to climate change. 

The study found that more multinationals’ actions in reducing greenhouse gas emissions 

are aimed at achieving a sustained competitive advantage, in addition to compliance 

with environmental government regulations. 
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SiRi Company published, in 2006, a report entitled, Climate Change and the Role of 

Banks, which identified and examined practice guidelines for commercial banks to 

mitigate climate change. The guidelines aim to provide a framework for banks to reduce 

direct and indirect CO2 emissions caused by their clients’ operations. The report 

concluded that banks now are progressing toward their goals to reduce indirect CO2 

emissions and have developed workable, comprehensive climate change policies. 

However, incorporating climate change measures into day-to-day business operations, 

and measuring and reporting on emissions has proven difficult and indicates a need for 

improvement.  

The Carbon Trust and the Institutional Investors Group on Climate Change published a 

guide written by Mercer Investment Consulting, A Climate for Change: A Trustee’s 

Guide to Understanding and Addressing Climate Risk (2005). This guide states that 

trustees are required to address the financial risk posed by climate change in managing 

risk and maximising returns across investments (Ambachtsheer, 2005).  Trustees should 

provide convincing data on the potential for climate change to impact financial risk and 

returns, and suggests steps to address climate risk.  

Another report, Corporate Governance and Climate Change: Making the Connection 

(Centre for Education and Research in Environmental Strategies [CERES], 2007), 

examined how the world’s biggest corporate emitters of greenhouse gases are 

incorporating climate change into their business strategies and governance practices. 

The report concluded that effective corporate responses to climate change should be 

built on a foundation of well-functioning environmental management systems and 

properly focused governance practices. However, only a few corporations have adopted 

comprehensive programs to treat the issue as a financial and environmental threat. 

CERES, a U.S. largest coalition of investors, environmental and public interest group, 

published research reports to help investors understand the implications of global 

warming and climate change. Two CERES reports, From Risk to Opportunity: How 

Insurers Can Proactively and Profitably Manage Climate Change (2006), Corporate 

Governance and Climate Change: Making the Connection (2006), recommend 

incorporating climate risks and opportunities in investment analysis and providing 

shareholders and beneficiaries with transparent communication on how climate risks 
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and opportunities are handled in investment strategies. The reports identified several 

hundred steps corporations can take to reduce financial losses and greenhouse gas 

emissions. 

In Climate Change and Shareholder Value (2006), The Carbon Trust analysed the value 

at risk from climate change, based on case studies of companies’ disclosures. A ground-

breaking methodology was developed and tested on 20 FTSE100 companies. 

Companies across various sectors are exposed to risks from climate change such as 

physical risks and the constraints imposed by regulatory or voluntary mitigation 

measures. The methodology that the authors developed is the first of its kind to quantify 

the impacts of climate change on shareholder value in a rigorous manner. For some 

sectors that are not overtly impacted by carbon, such as chemicals, around 10 percent of 

their shareholder value is at risk due to the price of carbon. Most analysts and investors 

are not factoring in these impacts, let alone considering the implications. Authors hoped 

that the methodology will act as a benchmark, and lead to corporations and investors 

being able to quantify the risks that climate change poses across the supply chain, as 

well as the opportunities. 

The RepuTex report Identifying Carbon Value: the Carbon Responsiveness of ASX 

Stock (2006) investigated the relative impact of carbon risk on Australian companies’ 

values in the context of macroeconomic and micro company analysis. The report 

concluded that Australian companies are not sufficiently prepared to mitigate carbon 

liabilities or capitalise on potential revenues, and that the correlation between carbon 

value and share price performance is beginning to grow. The Australian markets begin 

to recognise that climate change is not purely an environmental risks issue, but a 

significant opportunity for the corporate and investment community. 

Thus, the potential impact of climate change on a firm’s value, based on existing 

government reports, and analyses of carbon-mitigation policies and legal implications, 

indicates the importance of considering climate risks for financial analysts (AMP 

Capital and Banker & MacKenie, 2005). Moreover, directors at British and European 

asset management firms have recommended that environmental risks should be part of 

financial analysis, because environmental risk is important from an investment risk 

perspective (The Global Compact, 2004). Asset managers’ and financial analysts’ 
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growing interest in the effects of climate change on the financial markets has prompted 

research in this intersection of the environmental science and business.  

While institutional investors’ desire to help mitigate climate change along with other 

environmental and social issues is demonstrated by a large amount of research, some 

financial research in this field are raising concerns about the reliability of climate 

change data. Moreover, McGeachie et al. (2005) found that most financial analysts 

surveyed reported that they believed that general environmental information cannot be 

properly quantified, and only in certain cases could specific environmental criteria be 

quantified. A precise discounting or valuation on environmental issues could be difficult 

to assess because of constantly changing rules. Environmental issues often undergo a 

qualitative analysis, which is more difficult to include in the valuation processes. 

However, the qualitative analysis is useful and important in the stock selection process. 

The environmental issues can be considered in quantitative analysis, but only after 

determining how environmental criteria might affect their stock.  

McGeachie, Kiernam, and Kirzner (2005) pointed out that from the analysts’ 

perspective, environmental issues are not overly important, especially if the company is 

insured or can otherwise afford the fines. In this case, government regulation on an 

environmental issue cannot influence stock values unless a violation has huge fines. 

However, investors are well aware of possible changes in legislation. The investment 

community is aware and willing to alter stock ratings if regulations will impact their 

stock valuations/performance. The measure of whether or not an environmental issue is 

relevant to a stock valuation, and to what degree, these environmental issues will affect 

the company’s cash flows. They pointed out that researching climate change and 

environmental issues in order to quantify them is a major challenge, because financial 

analysts are not expert in this field. They concluded that companies’ reports on 

environmental performance appear to be largely irrelevant to financial analysts, since 

they do not have enough background information on environmental issues. 

Environmental issues would not immediately affect stock valuation, because a 

formalised method to quantify environmental issues does not currently exist.  

Although a considerable amount of research has focused on environmental 

performance, environmental information and share price response, there appear to have 
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been few studies examined the direct relationship between environmental information 

and share prices in the context of the oil and gas industry. Innovest Strategic Value 

Advisors (2005) investigated oil and gas companies and noted that financial analysts for 

the oil and gas industry felt that environmental issues tend to be irrelevant over short-

term investment horizons. In their view, few significant differences exist between oil 

and gas companies in terms of their environmental performance, and thus there is little 

justification for in-depth analysis and comparison.  

 

3.2.5 Climate Change and Financial Markets’ Role  

Schmidheiny and Zorraquin (1996) examined climate change issues from the 

viewpoints of financial market participants, company directors, investors and analysts, 

bankers, insurers, and accountants. Their book, Financing Change: The Financial 

Community, Eco-Efficiency, and Sustainable Development, is the first study to examine 

the financial community’s role in safeguarding the natural environment. A concern that 

will become increasingly important as a continued increase of population and more 

developing countries enter financial markets.  

Schmidheiny and Zorraquin (1996) believe that market structures have no inherent 

quality that would dispose them to opposing sustainable development. Either way, the 

question arises, are investors interested only in making profits, at the cost of anything? 

This issue, demonstrated across history, that financial markets, in pursuit of short-term 

goals, undervalue environmental resources, discount the future, and adhere to reporting 

systems that do not reflect environmental risks and opportunities. Schmidheiny and 

Zorraquin (1996) identified seven assumptions, which suggest that financial markets are 

incompatible with sustainable development. These seven assumptions that focus on the 

short-term versus long-term problem are: 

1. Financial markets emphasize short-term payback over sustainable development, 

which implies long-term investments. 

2. Financial markets prefer high present earnings over longer-term “eco-efficient” 

operations. 
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3. Low-cost externalities diminish a company’s interest in becoming “eco-

efficient.” 

4. Financial markets are reluctant to channel development funds to risky low-       

income developing nations, thus hampering sustainable practices. 

5. High taxes, and low human and natural resources prices combine to produce 

unemployment and reduce resource efficiency. 

6. Reliable measures of environmental risks and opportunities do not exist, causing 

financial markets to ignore, discount, or skew ecological factors. 

7. Financial markets discount the future, whereas sustainable development 

necessarily looks to the future.  

These authors believe that consideration of all economic factors is to the advantage of  

CEOs, insurers, bankers, and fund managers. All these factors affect their investments, 

and this includes ecological outcomes and investor sentiments about their investments. 

However, scholars believe that the financial sectors do not pursue “environmental 

sustainability,” but seek to enhance their economic interests in the near term. They 

reveal that existing government regulations and shareholders’ activism do influence 

decisions and the overall “environmental performance” of corporations.  

The major criticism of Schmidheiny and Zorraquin’s (1996) study was that the authors 

seem to focus only on “one game” ― the structure and functioning of markets. 

Schmidheiny and Zorraquin (1996) fail to provide suggestions about how another game 

might be played. Their book, Financing Change: The Financial Community, Eco-

Efficiency, and Sustainable Development is descriptive rather than prescriptive, but the 

book centers on an explicit research question: “Are the world’s financial markets a force 

for sustainable human progress, or are they an impediment to it?” 
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3.3 Capital Market Research and the Value Relevance of 

Climate Change  

The “greening” of international and domestic financial institutions and retail investors is 

a major new trend stimulating the development of environmental requirements. 

Unanticipated events or new environmental information may lead capital markets to 

revise their expectations regarding the performance of a company. Capital markets may 

revalue a firm in response to bad news about its environmental performance, extreme 

weather events or regulatory penalties. News of a good environmental performance or 

investment in cleaner technologies, on the other hand, can enhance a firm’s expected 

profitability, along with its public image of being a “good green firm,” and thus its stock 

value (Lanoie, Laplante, & Roy, 1997). 

 

3.3.1 Capital Market Research  

The development of the Efficient Market Hypothesis (EMH), capital asset pricing 

model (CAPM), Fama and French’s financial model, event studies and the association 

methodology facilitated capital market research. The importance of the Efficient Market 

Hypothesis is that EMH justifies the use of movement in stock prices to test the 

usefulness or value relevance of financial and non-financial information. EMH assumes 

that in an active “efficient” market of a large number of well-informed investors, stocks 

will be appropriately priced and will reflect all available information. However, as an 

increasing number of events in the financial markets cannot be explained by the EMH, 

behavioural finance has turned to understanding the capital markets with the aid of 

behavioural insights and theory. 

 

3.3.1.1 Capital Market Efficiency  

The EMH is associated with the idea of a “random walk,” which in financial literature 

characterises the price series where all subsequent price changes represent random 

departures from previous prices. The logic of the random walk concept is that the prices 

of stocks cannot be predicted and all known information is immediately reflected in 
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stock prices. Although the concept can be traced back to the French mathematician 

Bachelier (1900), the EMH starts with Nobel Laureates Samuelson (1965) and Fama 

(1969) who coined the term “efficient market.” They defined an efficient market as one 

that adjusts rapidly to new information (Fama et al., 1969). It is generally believed that 

securities markets are extremely efficient in reflecting information about individual 

stocks and the stock market as a whole.  

A great deal of literature tests market efficiency in finance, economics, and accounting. 

Market efficiency tests in capital market research literature fall into two main 

categories: event study and cross-sectional (or the market anomalies) tests of return 

predictability (Fama, 1991). Researchers employ joint hypothesis tests of market 

efficiency and the equilibrium-expected-rate-of-return model. Event studies are tests of 

market efficiency that assess the impact, speed and degree of bias of the market’s 

reaction to an event. In an efficient capital market, a security’s price reaction to an event 

is expected to be immediate, and subsequent price movement is expected to be unrelated 

to the event-period reaction or its prior period return.  

Current literature on event studies originates with Ball and Brown (1968) and Fama et 

al. (1969), and their work constitutes the bulk of the literature. Hundreds of short-

window-event studies and long-horizon post-event performance studies have been 

conducted. Short-window event studies provide relatively clean tests of market 

efficiency. The evidence from short-window event studies is generally consistent with 

market efficiency. The evidence that correlates daily and weekly returns to wide-

ranging events suggests that the market reacts quickly to news and information releases.  

In short-window tests, researchers face few problems of mis-estimating the expected 

return (Brown & Warner, 1985). A long-horizon event study tests whether one-to-five 

year returns following an event are systematically non-zero for a sample of firms. 

Anomalies in a cross-section of average returns also cannot be explained by traditional 

finance models. Most explanations are based on the assumption of either additional risk 

factors or mis-pricing. Nevertheless, numerous empirical studies on market anomalies 

have continued to resist the effort to explain observed patterns in share prices within a 

model of rational investor decision-making. The primary difficulty with the 
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investigation of market anomalies is associated with the lack of a generally accepted 

model that describes investor and market behaviour.  

 

3.3.1.2 Theory of Stock Price Behaviour and Financial Models  

The financial theory that underlies the behaviour of stock returns is an important area of 

financial market research. This area of research has been active for the past quarter-

century. Numerous studies significantly contribute to an explanation of the behaviour of 

common stock returns, and substantial literature review papers provide a detailed 

overview of developments in this area (Beechey, Gruen & Vickery, 2001). 

The theory of stock price behaviour started with Markowitz (1952, 1959), who 

developed a single-period model. Building on Markowitz’s framework, Sharpe (1964), 

Lintner (1965) and Mossin (1966) independently developed the Capital Asset Pricing 

model (CAPM). Black (1972) extended an existing theory by relaxing some of the 

unrealistic assumptions of the CAPM. Later, Ross (1976) developed the Arbitrage 

Pricing model (APM), which assumes that arbitrage opportunities should not be present 

in efficient financial markets. Merton (1973) developed an Inter-Temporal Capital 

Assets Pricing model (ICAPM) that captures the multi-period aspect of financial market 

equilibrium. The ICAPM assumes that an investment opportunities set can shift over 

time.  

However, the Earning/Price effect contradicted the CAPM. Basu (1977) showed that 

stocks with high Earning/Price ratios earned significantly higher returns than stocks 

with low Earning/Price ratios, and that Earning/Price effect does not appear only in 

January. Additionally, Basu (1983) showed that the size effect is different from the 

Earning/Price effect and that small firms tend to have higher returns. Banz (1981) 

showed that the stocks of firms with low market capitalisation have higher average 

returns than larger cap firms, which contradicted CAPM predictions. Rosenberg, Reid 

and Lanstein (1985) and Chan, Hamao and Lakonishok (1991) showed that high ratios 

of the book value of equity-to-market value have higher returns than firms with low 

book-to-market (BtM) equity. In addition, firms with comparatively high leverage levels 

have higher average returns than firms with low Debt/Equity ratios, which could be seen 
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as additional evidence against CAPM (Bhandari, 1988). Finally, Fama and French 

(1992) brought together a firm’s size, leverage, E/P and beta in a single cross-sectional 

study and found that these factors are the variables that have the strongest relation to 

returns. 

In addition, long-term return reversals appear to contradict the soundness of the CAPM. 

According to DeBondt and Thaler (1985), “losers” are stocks with low or negative 

returns over the past 3 to 5 years and “winners” are stocks with high returns over the 

same period. The beta cannot account for these differences in returns (Chopra, 

Lakonishok & Ritter, 1992). Stocks that have done well over the previous 6 to 12 

months tend to have high returns over the next month, and show short-term momentum 

(Jegadeesh, 1990). Testing the profitability of momentum over a long horizon, 

Jegadeesh and Triman (1993) show that after 1 year and continuing up to 5 years, 

momentum profits start to reverse, an effect consistent with the overreaction hypothesis 

put forward by behavioural models. 

Later, Carhart (1995) constructed a Four-Factor Model using Fama and French’s (1993) 

Three-Factor Model by adding an additional factor capturing Jegadeesh and Triman’s 

(1993) one-year momentum anomaly. Carhart’s (1995) Four-Factor Model is consistent 

with a model of market equilibrium with four risk factors. Alternatively, this model may 

be interpreted as a performance attribution model, where the coefficients on the factor-

mimicking portfolio indicate the proportion of mean returns attributable to four 

elementary strategies: high-versus-low beta stock, large-versus-small capital market 

capitalisation stocks, value-versus-growth stocks, and one-year-return-momentum 

versus-constraint stock (Carhart, 1997). 

Beker and Ochman (2004) applied a model based on finance, accounting, and 

behavioural explanatory variables to predict extreme performance. They found that 

momentum variables in the model based on 12-, 24-, and 36-months returns are most 

effective in distinguishing the extreme winners from extreme losers. Barbiris, Shleifer 

and Vishny (1998), DeBondt and Thaler (1995), and Shleifer and Vishny (1998) applied 

a model of the price implications of human behaviour biases to explain apparent long-

horizon inefficiency. These studies found that the market can over-react or under-react 

to news or new information, and that the market could take a long time to correct the 
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misevaluation because of irrational behaviour in the market. The source of under- or 

over-reaction is human judgment or behaviour biases in information processing.  

Thus, investors’ differing rationales have caused a deep divide between adherences of 

the EMH and Behavioural Finance theories.  An efficient market is defined as a market 

that adjusts rapidly to new information (e.g., Fama et al., 1969), and the EMH assumes 

that investors behave rationally and predictably. In contrast, BF assumes that investors 

may be irrational, which explains security price valuation and market anomalies with 

variances based on differences in human psychology. Emotion and psychology 

influence investors in various ways and situations, causing them to behave in 

unpredictably or irrationally. Investors are subject to various psychological and 

behavioural biases including overconfidence, loss aversion, and mood fluctuations, 

along with other factors such as cultural and religious values and the weather. More 

recently an increasing number of behavioural finance researchers have been 

investigating the effects of weather on stock returns and the relationship between human 

behaviour and environmental factors. 

 

3.3.1.3 Weather in Behavioural Finance  

The weather effect on the human body and mind, and consequently on behaviour is 

suggested empirically in the psychological and biological literature. A significant body 

of scientific research aims to show that human psychology is affected by weather-

related factors and therefore, that these factors influence people’s moods, thinking 

judgement, and behaviour. So, they assume a relationship exists between human 

behaviour and environmental factors. 

In addition, they believe that a variety of weather related factors could influence human 

mental activity, such as atmospheric pressure, temperature, and humidity. For example, 

a negative mood can be caused by a change in atmospheric pressure and high humidity, 

and these climatic factors can affect the chemical balance of the human brain, and 

consequently impact mood, thoughts, and behaviour. More recently, an increasing 

number of researchers in behavioural finance have begun to investigate the effect of 

weather-related information on stock returns. 
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Research in the area of climate and weather effects on stock exchanges is rapidly 

expanding and has resulted in some surprising findings. Researchers reported that 

seasonal disorders, lunar phases, geomagnetic storms, and other climate-related events 

show the greatest relationship to equity pricing (e.g., Dowling & Lucey, 2008; Kliger & 

Levy, 2008; Yuan et al., 2006). Some researchers assert that sunshine puts people in a 

good mood (Saunders, 1993), and consequently, that people in a good mood are happier 

and make more optimistic choices. 

Behaviour finance literature provides evidence on the effects of mood on asset prices 

(Avery & Chevalier, 1999; Kamstra et al., 2000). Saunders (1993) was the first to 

examine the influence of the weather on asset returns. He gathered data from the Dow-

Jones Industrial Average from year 1927 to 1989, New York Stock Exchange, and 

American Stock Exchange for year 1962 to year 1989 and found that the weather in 

New York City significantly correlated to the daily returns of these major stock indices.  

The results indicated that when cloud cover was 100 percent, returns were below 

average, but when cloud cover was below 20 percent, returns were above average.  

Trombley (1997) replicated Saunders’ study, using the Dow-Jones Industrial Average 

for the same period, but applied a different statistical methodology. Trombley 

concluded that “the relationship between security returns and Wall Street weather is 

neither as clear nor as strong as Saunders (1993) suggests” (1997, p.18).  Kramer and 

Runde (1997) also replicated Saunders’ study in the German stock market and found 

that the level of cloud cover over Frankfurt did not influence the Deutscher Aktien 

Index. Pardo and Valor (2003) reported the same results for the Madrid Stock 

Exchange, and Loughran and Schultz (2003) for the NASDAQ share index, based on 

companies located in 26 U.S. cities.  

Kamstra et al. (2003), Garrett et al. (2005), and Kliger and Levy (2008) investigated the 

effect of seasonal affective disorders on capital market returns. Kamstra et al. (2003) 

found that seasonality significantly related to returns on international equity indices. 

Garrett et al. (2005) investigated the major stock indices of the U.S., U.K., Sweden, 

New Zealand, Japan, and Australia and concluded that seasonal affective disorders 

come with seasonal depression, which is reflected by changing risk premiums. 

Moreover, Hirshlefer and Shumway (2003) examined weather-equity returns’ 
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relationship in 26 international markets and found a negative relationship for Milan, Rio 

de Janeiro, and Vienna. Dowling and Lucey (2005) examined the weather’s influence 

on the Irish Stock Exchange and concluded that rain had a significant influence. Tufan 

and Hamarat (2004, 2006) gathered case evidence regarding the weather and its effects 

on the Turkish stock exchange and reported evidence that snow fall affected the market.  

Chang, Nieh, Yang, and Yang (2005) investigated the effect of weather conditions on 

equity returns in Taiwan and found evidence that weather factors did affect trading and 

should be included in asset pricing models. Later, Dowling and Lucey (2008) 

investigated the relationship between seven mood-proxy variables constructed from 

weather data (precipitation, temperature, wind, geomagnetic storms) and biorhythm data 

(seasonal affective disorders, daylight savings time changes, lunar phases) and a global 

equity dataset using a variety of group tests. The researchers reported that seasonal 

affective disorders and lower temperatures show a significant relationship to equity 

pricing. Cao and Wei (2005) examined the international weather effect in six markets 

including Australia, and found that the temperature was not a significant factor for the 

Australian market. 

Moreover, Keef and Roush (2007) investigated the influence of the weather on the 

returns of two Australian stock indexes. They concluded that un-seasonal temperatures 

have a stronger negative influence than level or seasonal temperatures. In addition, 

Boyle and Walter (2003) and Doucouliagos (2004) investigated whether a correlation 

existed between weather-related moods on Australian stock exchange returns. 

Worthington (2006) examined the impact of weather-related moods and feelings on the 

Australian stock market. 

 In contrast, Worthington found there is no statistically significant relationship between 

the weather and Australian market returns. However, he noted the inadequacies of the 

empirical techniques that researchers commonly employ in this area. Following 

Loughran and Schultz (2004), and Goetzmann and Zhu (2005), Worthington suggested 

direct modeling of investor decision making.  

Thus, BF assumes that investors may be irrational, and considers human psychology in 

explaining security prices valuation and market anomalies. In contrast, the EMH 
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assumes that investors behave rationally and predictably. Moreover, weather has always 

played an important role in the economy (even though its effects on the human psyche 

are often difficult to measure) and can significantly impact business activities. 

 

3.3.1.4 Behaviour of Stock Prices in Weather-Sensitive Markets  

In energy markets, demand uncertainty fluctuates with the seasons and on temperature 

extremes. Sudden changes in temperature can result in significant price movement. In 

addition, storage costs and seasonal production may increase seasonal uncertainty from 

the supply side. Any market in which supply and demand uncertainty follows seasonal 

patterns should exhibit seasonal volatility (Bester, 1999). 

Balzem, Fronza, and Brusasca (1981) analysed the relationship between temperature 

and electricity usage in winters. Their study shows a significant relationship between 

the two factors and continually fluctuates over time. Al-Zayer and Al-Ibrahim (1995) 

built an econometric model to forecast energy consumption in Saudi Arabia and found 

that temperature plays an important role in explaining energy demand. Sailor and 

Munoz (1997) analysed energy consumption and climate data from eight of the highest 

energy-consuming US states and demonstrated a relationship between temperature and 

energy consumption. Valor, Meneu, and Caselles (2000) analysed the relationship 

between energy and daily air temperature in Spain and found that demand shows a 

significant trend related to 1) socio-economic and demographic factors, 2) seasonal 

effects unrelated to weather conditions, and 3) other factors related to temperature.  

Gabbi and Znotti (2005) analysed the hedging effect of weather derivatives on the 

Italian gas sector, and found a relationship between gas consumption and weather 

variables. These authors investigated daily, seasonal, and holiday patterns in gas 

consumption, and then evaluated the potential demand for hedging contracts. Pardo, 

Meneu and Valor (2002) examined the relationship between energy demand and 

weather in heating and cooling degree-days. Pardo et al. (2002) found clear evidence of 

a relationship between energy consumption and temperature, which shows an important 

daily and monthly seasonal pattern. Other researchers have found that volatility and 
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seasonality trends are important and these trends should be considered in empirical 

studies (Anderson, 1985; Choi & Longstaff, 1985; Kenyon et al., 1987).  

Recent empirical research has focused mostly on the volatility of stock prices and their 

determinants. Among this literature, some studies empirically examined various factors 

affecting oil companies’ stock prices and their relationship with each other. An 

understanding of the behaviour of crude oil prices would be sufficient to explain the 

behaviour of their market and their effect on share prices.  Serletis (1994) used the price 

of unleaded gasoline and heating oil; whereas Adrangi et al. (2001) examined the price 

dynamics of specific crude oil and its relationship to diesel fuel prices. Girma and 

Paulson (1999) investigated a long-term relationship between crude oil, gasoline, and 

heating oil future prices.  

A number of studies (e.g., Fleming & Ostdiek, 1999; Antoniou & Foster, 1992 and 

others) examined the relationship between the use of derivatives and crude oil prices. 

Some researchers use data from the oil and gas industry to provide insights into the 

hedging behaviour of that particular industry (e.g., Haushalter, 2000, 2001; Rajgopal & 

Shevlin, 2000 and Genzy, Milton & Schrand, 2002). Haushalter (2000) examined the 

risk-management activities of oil and gas producers and concluded that managers hedge 

to reduce the likelihood of financial distress, which suggests that corporate hedging 

could increase shareholder value. Nguyen and Faff (2002) examined the determinants of 

derivative use by Australia’s largest corporations; their results strongly support the firm 

value maximisation (FVM) hypotheses.  

 

3.3.2 The Value Relevance of Information  

Value relevance is defined as the association between information and security market 

value. The literature examining such an association dates back more than 40 years 

(Miller & Modigliani, 1966). However, the first researchers who used the term “value  

relevance” were Amir, Harris, and Vanuti (1993). Information is deemed “value 

relevant” if the information has a significant association with a security’s market value 

(Beaver, 1998; Ohlson, 1995; Barth, 2000). Bettman (2007) describes the numerous 

empirical studies that found evidence on the significance of firm-specific characteristics 



73 

 

and that explain contemporaneous share prices, or their value relevance (Amir & Lev, 

1996; Barth, Beaver & Landsman, 1996; Francis & Schipper, 1999). 

According to Modigliani and Miller (1958) and Baron (1976), in a perfect world, no 

financial activity would affect a firm’s value, nor would it affect the overall level of 

investment. However, modern finance theories indicate that in certain circumstances 

financial actions can affect the firm’s value (or the level of investment). Moreover, 

Ohlson (1995) argued that share price is also a function of an undefined vector of 

“other” value-relevant information not captured in current financial statements. 

Ball and Brown (1968) first explored the concept of value relevance using event and 

association methods. This area developed rapidly to encompass a wide array of research 

areas, research methodologies, and designs. Environmental information has received the 

most attention in the value relevance literature (Clements, 2006). The relationship 

between stock market behaviour and environmental information has become an 

important area of investigation and contributes to value-relevance research.  

Scholars have come to realize that steps toward environmental sustainability cannot be 

achieved if financial markets remain as self-serving and short-term oriented 

(Schmidheiny & Zorraquin, 1996). Given the increasing power and importance of the 

financial markets, environmental information has recently become an important link 

between the financial hyper-reality and the real world (Thielemann, 2000; Mackintosh 

et al., 2005).  

Considerable academic attention has focused on the relationship between environmental 

and financial performance of a firm. Two major schools of thought have examined this 

relationship: the traditional view of the corporation (Pava & Krausz, 1996) and a new 

stream of green-oriented literature (Clements, 2006). They disagree about the 

relationship between a firm’s green and financial performance.  

According to Clements (2006), “green performance” is the degree to which a firm’s 

environmental effectiveness, responsiveness and investment strategy are better for the 

environment than that of their competitors, while financial performance is the degree to 

which firms are more profitable compared to competitors. The traditional belief held by 
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most corporate leaders, managers, and investors is that if a firm “goes green” and works 

to avoid damaging the environment, its financial performance will suffer (Mathur & 

Mathur, 2000; Walley & Whitehead, 1994). However, green-oriented research has 

found a positive relationship between going green and financial performance and 

investigated economic incentives that encourage green practice (e.g., Hills et al., 2004; 

Sharma & Vredenburg, 1998; Clements, 2006).  Environmental information may lead 

capital markets to revise their expectations regarding the performance of companies. 

There are many well-respected studies in this green incentives area such as the 2001 

prize-winning studies conducted by Dowell, Hart, and Yeung (2000), and Repetto and 

Austin (2001).  Dowell, Hart, and Yeung (2000) analysed major U.S. mining and 

manufacturing companies in developing nations and found that a market valuation that 

applied a universal environmental standard was about 80 per cent higher than the less 

stringent and/or poorly enforced local environmental regulations or standards for their 

operations.  

Stone, Guerard, Gultekin, and Adams (2000) screened the worst social and 

environmental firms in large investment portfolios of investment firms. Social screening 

is a process of identifying companies/industries that investors perceive to be engaged in 

socially negative behaviour such as producing or supporting tobacco use or 

racial/cultural/gender oppression, gambling, pollution, or environmentally damaging 

chemicals. The results show that investment firms accrue no significant cost when they 

screen out the worst environmental firms in large stock portfolios. However, Earle 

(2002) found that environmental screening increased, rather than reduced, financial 

returns in investment portfolios (Earle, 2002, as cited in Murphy, 2002). Moreover, the 

Social Investment Forum (2002), reported that environmentally and socially screened 

portfolios grew by 7 percent, despite the U.S. market downturn of 2001 and 2002. 

Repetto and Austin (2001) demonstrate a new methodology that allows investors to 

translate pending environmental issues into the financial terms that they need in order to 

make sound investment decisions. Applying this methodology to leading U.S. 

companies, the authors demonstrate that evaluating environmental issues should be a 

central part of investment analysis. 
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A number of researchers have engaged in the debate on environmental issues’ relevance 

to stock selection as a measure of a firm’s environmental performance and its 

correlation to share price performance.  Konar and Cohen’s (1997) research show that 

financial markets may provide firms with some incentives to improve their 

environmental or “green” performance. Their study suggests that stock market effects 

are impacting firms’ environmental improvement. Konar and Cohen compared the top 

US polluting firms with the largest abnormal decreases in stock prices and found that 

the polluting firms made more significant efforts to improve their environmental 

performance by reducing their emissions, and the number and severity of oil and 

chemical spills. Cohen, Fenn and Naimon (1995) also examined environmental and 

financial performance by comparing portfolios of “high polluters” and “low polluters.” 

They found that lower overall total pollution emissions correlated with superior 

financial performance.  

Buffington and Ganzi (2000) found that investment funds comprised of companies with 

superior environmental profiles are more profitable than the S&P. Gottsman and Kessler 

(1998) determined that portfolios of “good” environmental performers return more than 

the S&P 500, and that portfolios of “poor’ environmental performers returns less than 

the S&P 500. Three portfolios of “good” performers were constructed according to 

score, with the highest performers comprising the “top” portfolio; and three reverse 

portfolios were constructed of “poor” environmental performers. The portfolio of top 

environmental performers achieved the highest total return, while the portfolio of the 

worst performers earned the lowest return. Also, according Germany’s Ockom 

Research, an independent sustainability-rating agency and Morgan Stanley Dean Witter, 

shares of companies with good sustainability records perform better than less socially 

responsible companies (Global Finance, 2004). 

Numerous researchers have examined the relevance of environmental issues in various 

countries. Several studies have confirmed that the United States and Canadian stock 

markets react significantly to a negative environmental news. Other studies report gains 

from good news and losses from bad news in the range of 1 to 2 percent (e.g., Muoghalu 

et al., 1990; Laplante & Lanoie, 1994; Klassen & McLaughlin, 1996; Hamilton, 1996; 

Lanoie, Laplante & Roy, 1997). For example, Laplante and Lanoie (1994) examined 
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capital market effects on Canadian firms following announcements of environmental 

events, including environmental regulation violations, initiation of legal actions, 

settlements of environmental damage suits and emission-control investments. They 

found that an announcement of lawsuit settlements that resulted in fines correlated to a 

decline in the firm’s market value of about 2 percent, while announcements of 

investment in emission-control equipment resulted in an abnormal loss of about 1.2 

percent on the day of the announcement, and no losses were found when lawsuits were 

initiated.  

In addition, numerous studies have analysed deliberate release of regulation information 

to the market (such as fines to polluters) and its impact on firm value (e.g., Badrinath & 

Bolster, 1996; Hamilton, 1995; Shane & Spicer, 1983; Konar & Cohen, 1997; Khana, 

Quimio, et al., 1998; Khana & Damon, 1997; Lanoie, Laplante & Roy, 1997). 

According to Badrinath and Bolster (1996), high fines appear to negatively affect stock 

market prices; they found that the market value dropped by 0.43 percent on average. 

Khana and Damon (1997) found that participation in voluntary programs for toxic 

releases had a statistically significant negative impact on firms’ short-term profits, but 

had a positive and statistically significant effect on the firm’s stock market value. 

Evidence from American and Canadian studies indicated that capital markets reacted to 

the release of information, good and bad, and that larger polluters are affected more 

significantly from such news than smaller polluters. However, Lanoie, Laplante and 

Roy (1997) suggest existence of a function of the regulators’ willingness to undertake 

strong enforcement actions, as well as the possibilities for capital markets to rank and 

compare firms with respect to their environmental performance.  

A number of studies have examined capital market reactions to environmental news in 

developing countries. Dasgupta, Laplante and Mamigi (1997) studied the impact of 

environmental performance on stock prices in Argentina, Chile, Mexico and the 

Philippines and found that stock price gains average 20 percent in response to good 

news, and that losses range from 4 – 15 percent in response to bad news. In another 

study, Dasgupta, Hettige and Wheeler’s (1998) analysis indicates significantly better 

environmental performance for publicly owned firms compared to private firms. 

Dasgupta and Wheeler (1996) examined environmental complaints lodged by Chinese 
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citizens and found that regions with higher education levels tend to initiate many more 

complaints and that richer and better educated communities control pollution more 

effectively due to formal regulation and informal public pressure. Several other studies 

(e.g., Harman, Huq & Wheel, 1997) have reached similar conclusions. 

A number of researchers have analysed the impacts of human-made and natural 

catastrophes on shareholder value. The investment community views the recent 2011 

earthquake in Japan and the tsunami, catastrophic accidents such as the 2010 Gulf of 

Mexico oil spill, the 1989 Exxon Valdez in Prince William Sound, Alaska, oil spill, 

along with and chemical accident by Union Carbide in Bhopal, India, which killed more 

than 3000 people in 1984, as a significant consideration. This perception is supported by 

Ganzi and Dunn (1995), Ganzi and Tanner (1997), and Gentry and Fernandez (1997).  

For example, Blacconiere and Patten (1994) analysed the impact of the chemical 

accident at the Union Carbide plant in Bhopal, India and found that Union Carbide’s 

stock price fell 28 percent, or $1 billion, within one week after the accident. 

Furthermore, the share price significantly decreased over the month following the leak 

of a poisonous gas. Moreover, the stock prices of 47 chemical companies also fell 

during the following two weeks ― thus, the capital market negatively reacted to the 

entire industry. 

Klassen and McLaughlin (1996) investigated the impact of environmental crises such as 

oil, gas, and chemical spills on the share price of a number of companies. They also 

reviewed the impact of positive environmental events, such as a government’s 

recognition of superior environmental performance on a firm’s market value. The 

authors concluded that market valuation of positive environmental events resulted in a 

gain of $0.37 per share and that environmental crises resulted in market valuation losses 

of $0.70 per share. The results suggest that recognition of environmental performance 

has a positive image effect.  

According to the Flow Rate Technical Group (2010), the BP Gulf of Mexico oil spill 

leak amounted to about 4.9 million barrels (205.8 million gallons) of oil.  This oil spill 

exceeded the 1989 Exxon Valdez oil spill.  The BP Gulf of Mexico oil spill could 

become the nation's worst environmental disaster in decades, threatening hundreds of 
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species of fish, birds and other wildlife along the Gulf Coast. BP's statement for the first 

quarter of 2010, April 22 revealed profits of $6.1 billion. In the last four years, BP has 

made a total of $82 billion. The cost of the clean-up is $1 billion, which is 1.2 percent of 

BP profits. According to Reuters, investors wiped out $67 billion in the first six week. 

Bank of America Corporation’s Merrill Lynch Global Research (2011) analysed the 

effects of the Japanese earthquake on global markets. The recent earthquake and 

tsunami in Japan resulted in massive destruction to people and property, the temporary 

automatic shutdown of 11 nuclear reactor's operation, and radiation leak into the 

atmosphere. The economic consequences are both direct and indirect. The Nikkei fell 8 

percent and took 10 months to recover its losses. The yen actually rallied 20 percent 

versus the US dollar. Asian markets fell 6 percent very quickly, but immediately 

recovered, while the S&P 500 was largely unaffected. 

In a review of the extent literature on the relationship between environmental 

information and stock market valuations, Reed (1998) reported that research in the field 

is still relatively inconclusive. Most of the studies are not industry specific and largely 

underspecified. Almost all data depend on a narrow set of backward-looking data with 

significant quality problems. 

 Mahoney and Roberts (2002) reported that environmental performance is more relevant 

for institutional investors than for retail investors because institutional investors are 

more interested in the long-term strategies of the stocks they hold due to their inability 

to move in or out of investments as quickly as retail investors. Furthermore, significant 

evidence shows that investors are interested in environmental information (Benjamin & 

Stanga, 1977; Chenall & Luchau, 1977; Firth, 1984; Epstein & Freedman, 1994), yet 

many scholars still assume that investors are only interested in maximizing their risk-

adjusted returns from investments (Benston, 1982; Skogsvik, 1998, Rivoli, 1995). 

Under such an assumption, shareholders have no obvious reason to be interested in the 

environmental impacts of their investments.  

Although scholars have carried out considerable research on firms’ environmental and 

financial performance and their correlation, there appears to be few studies that examine 

the relationship between environmental information and the financial markets. These 
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few studies investigate how investors might react to changes in the social and/or 

environmental behaviour of the companies (Jaggi & Freedman, 1992; Pava & Kreuze, 

1996; Edwards, 1998 Konar & Cohen, 2001, Murphy, 2002). 

Some researchers assume that financial markets have increasing global power, which 

has manifested in environmental degradation, animal habitat destruction, human rights 

violations, and global climate change (Murray et al., 2006).  Others assert that no 

evidence exists to support the assumption that all investors are exclusively interested in 

the purely financial aspect of their investments (Epstein & Freedman, 1994). Supporting 

this notion, Antonio et al. (2000) note the significant growth in ethical investment 

funds. Belkaoui (1976) investigated the “ethical investor effect” and argued that not all 

investors only think of financial aspects of their investment decisions, but “rewarded” 

corporations for being socially responsible. Belkaoui reported a positive and significant 

relationship between share returns and corporate disclosure and the ethical investors’ 

effect. Anderson and Frankle (1980) repeated Belkaoui’s study and found a negative 

relationship between environmental disclosure and returns on the investment. Later, 

Anderson and Frankle (1980) undertook their own analysis with no statistically 

significant results. 

Several other researchers see disclosure as one possible way in which markets may re-

balance themselves toward a more sustainable model of investment behaviour (Leggett, 

1996; Case, 1999; Gray & Bebbington, 2000; Murray et al., 2006). However, Murray et 

al. (2006) found that share price behaviour did not reflect any reaction to environmental 

disclosure. Scholars note that although investors exhibit an increasing demand for 

environmental information, there is no evidence of links between the price sensitivity of 

environmental news and the sequence changes in economic circumstances. They 

suggest that companies need to take a longer-term perspective; nonetheless even in a 

short-term economic sense, this environmental information may not be important and 

financial markets may disagree.  

In a literature review concerning the relationship between environmental information 

(news) and its effects on the market value of a firm, Richardson et al. (1999) concluded 

that research in this field is still relatively inconclusive. The literature reflects 

significant inconsistencies in various areas: lack of consistency in definitions of terms, 
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measurements, and models and all of which have been topics of ongoing debate and 

examination. Moreover, on the one hand, increasing evidence suggests that investors 

show more than a passing interest in social and environmental information (Benjamin & 

Stanga, 1977; Chenall & Juchau, 1977; Firth, 1984; Epstein & Freedman, 1994). On the 

other hand, many scholars still assume that investors are only interested in maximising 

their return on their investment (Benston, 1982; Skogvik, 1998, Rivoli, 1995). 
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3.4 Previous Research on Methodology, Design, and 

Variables 

Researchers have employed a range of methods, measurements, and variables in the 

environmental and climate change area. This section of the review summarizes 

empirical methodologies, design, and variables, and identifies the most suitable for the 

present study. This review identifies the variables that have been empirically tested in 

an effort to uncover the variables that are hypothesized as determinants of climate 

change, financial performance, and value relevance. 

Methods vary in their strengths and weaknesses, and ability to assess qualitative and 

quantitative evidence. This section identifies the need for existing techniques to be 

evaluated and modified, and the need for the invention of new approaches and 

techniques to better gather and analyse data. This part reviews qualitative and 

quantitative techniques, ranging from techniques that are largely qualitative and 

interpretive to techniques that are largely quantitative and integrated. This review of the 

literature on climate change in scientific and financial research helps to identify an 

effective methodology and direction for the present study. 

 

3.4.1 Climate Change in Scientific Research  

Scientific researchers on climate change have proposed a variety of methodologies to be 

employed to help measure and explain the effects of climate change. The type of 

methodology, models, and selected variables selected for use depends upon the area of 

impact. Multiple models have been used to generate climate scenarios for impact 

assessment, often by identifying potential “best” and “worst” case impact scenarios or 

“low” or “high” projections of climate change impacts. Statistical or dynamic 

downscaling and nested modelling techniques are also applied to simulate climate 

change (Abbs et al., 2006).  

Selection of climate variables depends upon the characteristics of an area to be 

investigated or an environmental system. For example, if the maximum average January 

temperature is the most sensitive indicator of grape quality (Webb, 2006), changes in 
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alpine snow conditions depend on daily precipitation and temperature (Hennessy et al., 

2003). All projections of rainfall and temperature changes are applied in agricultural 

models. The average sea-level change has been identified as a climate variable to help 

examine climate change’s impact on coastal areas (Kirono et al., 2007).  

Variables such as temperature, rainfall, evaporation, pressure, and humidity are highly 

interactive, meaning that a change in one variable affects the other variables. Thus, 

mixing variables from different models in a single scenario may prove unworkable or 

result in invalid outcomes. Some researchers point out that the inconsistent variables 

may provide a spurious estimate on future impact.  

Howden, Reyenga, and Meinke (1999) constructed climate model projections to 

stimulate climate change impact on dry-land wheat production for 11 locations 

throughout Australia, but they aggregated the results to assess national impacts. 

Hennessy, Lucas, Nicholls et al. (2005) projected changes in fire weather for 17 cities; 

Kirono, Podger, Franklin and Siebert (2007) used climate projections for the Lismore 

region; other researchers simulated impacts over entire landscapes (e.g. Hennessy et al., 

2003; Williams et al., 2003). Hennessy et al. (2003) show low and high projections of 

climate change impacts to describe weather conditions in the Australian Alps.  

Climate projections have been developed on annual, seasonal, monthly and daily data. 

Some research uses seasonal-to-annual information to predict future trends and 

dynamics. However, agricultural models applied daily time series data and, afterward, 

results were aggregated to seasonal and annual data. Methods, for preparing scenarios 

incorporating daily data, include dynamic and statistical downscaling and perturbation 

of historical time series based on monthly or annual changes factors (Chiew, 2006).  

The Table 3.1 below summarises climate variables used in climate change research on 

the impact of climate change and global warming.  
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Table 3.1 

Summary of Weather Variables 
 

Variable 

 

Impact Area  

 

Impact 

 

Researchers 

Temperature Agriculture 

Infrastructure 

Health Impacts 

Fire Weather 

Biodiversity 

Dry-land (wheat) 

Buildings 

Heat-related mortality 

Fire intensity and frequency 

Primary production 

Snow cover 

Webb (2006) 

Amirato et al. (2007)  

Austroud (2004) 

McMichael et al. (2002)  

Woodruff et al. (2005) 

Pichering et al. (2004)  

 

Humidity Health Impacts 

Fire Weather 

Heat-related mortality 

Fire intensity and frequency 

McMichael et al. (2002) 

Hennessy et al. (2005) 

 

Pressure Coastal Storm return period 

Area inundated 

Sustainable yields 

Kirono et al. (2007) 

Cowell et al. (2006)  

McInnes et al. (2006) 

 

Wind Coastal 

Infrastructure 

Fire Weather 

Storms 

Buildings, road 

Fire intensity 

Kirono et al. (2007)   

Cowell et al. (2006)   

McInnes et al. (2006)  

 

Evaporation Water Resources Storage inflows and streams 

stream 

Jones & Page (2001) 

Jones & Durack (2005) 

 

 

Precipitation Snow  

Fire Weather 

 

Snow cover, depth, duration 

Fire intensity and frequency 

Hennessy et al. (2005) 

Hennessy et al. (2003) 

 

Sea Level Rise Coastal 

Infrastructure 

Area inundated 

Buildings, roads, energy 

Cowell et al. (2006)  

McInnes et al. (2006) 
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3.4.2 Environmental and Financial Variables and Methodologies   

A significant body of scholarly research relates measures of corporate environmental 

performance to measures of firms’ financial performance. Some studies use a regression 

analysis, and more precisely, multivariable regression, to analyse the effect of a firm’s 

environmental performance on its financial performance. In addition to regression 

analyses, a number of studies compare company portfolios containing firms with 

superior environmental performance to similarly constructed “non-green” portfolios. 

These case studies examine the impact of environmental events such as oil spills and 

public reports of a firm’s high emissions level on company stock price.  

To conduct a regression study Dowell, Hart and Yeung (2000) analysed the market 

value of US multinational firms. They determined the market values using Tobin’s q, 

which measures how much a firm is trading over its “book value.” Multinational 

companies with higher Tobin’s q were valued higher than those with a low Tobin’s q, 

and corporations that adopted just one global environmental standard had much higher 

market values than corporations followed a country standard. King and Lenox (2000)  

used Tobin’s q to find the association between environmental and financial 

performance. They also combined data from the Dun & Bradstreet, and data from 

Standard & Poor’s database, and EPA’s Toxic Release Inventory Database, which 

tracks the emission of toxic chemicals of U.S. manufacturing firms. 

Russo and Fouts (1998) measured environmental performance based on the 

environmental rating each firm had received from the Franklin Research and 

Development Corporation. These ratings are based on various types of data, including 

environmental regulation compliance records, amount of GHG emissions, ability to 

reduce waste and emissions, environmental liabilities, and the firm’s use of pollution-

prevention technologies. They measured financial performance as a company’s return 

on assets and included control variables such as industry concentration, firm growth 

rate, firm size, capital intensity, and industry growth.  

Hart and Ahuja (1996) examined the relationship between GHG emission reduction and 

firm performance. They obtained environmental performance data from the Corporate 

Environmental Profile, which collects and reports emissions of selected pollutants. The 
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researchers tabulated the firms’ emissions using the Emission Efficiency Index, which is 

the ratio of reported emissions in pounds to the company’s revenue in thousands of 

dollars. The firms’ emissions reductions were computed as the change in reporting 

emissions. Operating and financial performance was measured by returns on sales, 

assets and equity. Significantly, they found that emission reduction enhanced financial 

performance up to 2 years following the reduction.  

In portfolio comparison studies, Stone, Guerard, Glutekin and Adams (2001) reviewed 

quarterly returns and then removed the most poorly performing firms based on a social 

and environmental index. They controlled for risk (beta), dividend yield, growth and 

corporate size. In separate environmental data runs, to get a list of “bad” companies, 

they removed corporations involved in alcohol, tobacco, gambling, and the nuclear 

industry. They used a return-forecasting model on the two universes (“green” and 

“bad”) of stocks and found no significant difference in the forecast returns.  

Cohen, Fenn, and Naimon (1995) created nine pairs of “industry balanced” portfolios 

from the S&P 500. Each pair included a “high-polluting” and “low-polluting” portfolio, 

and was based on one particular characteristic of environmental performance such as 

litigation, number of fines, dollar value of fines, toxic releases, number of oil spills, 

volume of oil spills, number of chemical spills, and volume of chemical spills. Next, 

they set up high- and low-polluting portfolios to mirror each other based on industry 

type.  

Cohen et al. (1995) used five unique measurements of financial performance such as 

return on equity, total return on equity, total return on equity adjusted for risk, return on 

assets (adjusting the book value of total assets for depreciation), and return on assets. 

They found that investors who choose the environmental leaders in the industry-based 

portfolio had equal, and sometimes better, returns than those who choose the 

environmental laggards in each industry. In addition, Blank and Carty (2002) compared 

the performance of stock portfolios containing companies with superior environmental 

ratings to the portfolios with firms that had average or poor environmental ratings. They 

applied the environmental ratings derived from Innovest Strategic Value Advisors, a 

firm that provides environmental ratings based on eco-efficiency, according to their own 

rating system, EcoValue’ 21, which ranks companies from best to worst based on 62 
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variables such as historic liability, operations, management systems, corporate eco-

efficiency, and strategic environmental profits opportunities. They computed the returns 

of equally weighted portfolios and found that the portfolios with the highest 

environmental rating out-performed all the stocks. Table 3.2 summarises the most 

frequently used measures of corporate financial and environmental performance based 

on a thorough literature review. 

Table 3.2 

Financial and Environmental Variables 

 
Variables Description Researchers 

FINANCIAL 

 

Return on Investment Ratio of operating income to book 

value of assets 

Hard & Ahuja (1996) 

Russo & Fourts (1998) 

Return on Sale Ratio of income to sale Hard & Ahuja (1996) 

 

Tobin’s q Firm market value over 

replacement value 

Dowell et al. (2000) 

King & Lenox (2001) 

ENVIRONMENTAL 

 

Spills and Accidents 

 

 

Number or volume of spills  

 

 

Cohen at al. (1995) 

 

Rankings  Ranking of superior environmental 

performance 

Blank & Garty (2002) 

Russo & Fourts (1998) 

CONTROL 

 

Firm Size 

 

Natural log of firm assets 

 

Stone, Guerard, Glutekin, & 

Adams (2001) 

  

Firm Growth Percentage change in sales King & Lenox (2001) 

 

Industry Growth Percentage change in sale Russo & Fourts (1998) 

Capital Intensity Capital expenditure over sales King & Lenox (2001) 

Beta Standard market model Stone at al. (2001) 

Dividend Yield Dividend  Stone at al. (2001) 
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3.4.3 Weather Variables and Models in Weather-Sensitive Markets  

Substantial research interest has focused on the relationship between energy 

consumption and weather variables. A number of studies investigated the effects of 

weather on security returns from a psychology perspective. Some researchers have 

found that investor mood variables are related to weather variables and, hence, financial 

securities pricing.  

Streeter and Tomek (1992) introduced an integrated model for volatility, designed to 

simulate an Autoregressive Conditional Heteroskedasticity (ARCH) effect. Their model 

included seasonal trend variables and lagged dependent variables. The study found 

seasonal volatility trends. The non-normality in stock and futures returns could be 

attributed to the presence of heteroskedasticity. ARCH models allow variance to evolve 

through time and respond to changes over time. 

Some researchers have used Generalized Autoregressive Conditional Heteroskedasticity 

(GARCH) specifications in modeling the impact of information flows, which is usually 

measured by volume. Foster (1995) investigated the volume–volatility relationship for 

crude oil futures using GARCH and concluded that volume is a good predictor when 

used in the variance equation, but volume is a poor proxy for information. Najand and 

Yung (1991) concluded that the GARCH effect remains significant when volume is 

included in the model.  

Susmel and Thompson (1997) applied switching to an ARCH (AWARCH) Model to 

examine the effect of storage capacity and regulatory change on volatility for natural 

gas futures. Susmel and Thompson’s modified model outperformed the standard 

GARCH by explicitly accounting for changes in markets. The main criticism of 

GARCH is that the model has an inability to fully account for observed excess kurtosis. 

However, modification of this model could solve the problem. 

Periodic GARCH (P-GARCH) is a modified GARCH with time-varying coefficients 

introduced by Bollerslev and Ghysels (1996). The P-GARCH could be applied to model 

seasonal volatility of data by defining the periodic cycle. This model is an extension of 

models applied by Najand and Yung (1991), Foster (1995), and Susmel and Thompson 

(1997). Due to the strong seasonal volatility trend, this modification is reasonable and 
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allows seasonal variations in the GARCH parameters for numerous variables that follow 

seasonal patterns. Bester (1999) presented empirical evidence on seasonal volatility 

trends in futures price series and showed that seasonality in conditional volatility can be 

modeled in a P-GARCH framework. The wide ranges of weather indicators and GJR-

GARCH and ARIMA models have been applied to investigate the effects of weather-

related moods and feelings on the stock market. For example, Chang Niel, Yang, and 

Yang (2005) provided empirical evidence of equity returns for the Taiwan Stock 

Exchange, employing a recently developed econometric technique of the threshold 

model with the GJR–GARCH process on error terms. They found that temperature and 

cloud cover are two important weather variables that affect a market’s stock return.  

This body of research has established seasonality as a dominant factor in volatility for a 

variety of weather-sensitive markets. However, the majority of studies failed to model 

conditional dependence. Saunders (1993) was the first to examine the influence of 

weather on assets returns.  

Worthington (2006) applied a non-parametric correlation analysis and the 

Autoregressive Moving Average (ARMA) model. He pointed out that empirical work of 

this type is complicated by the strong seasonality of equity markets and weather 

conditions. He concluded that all weather indicators are highly significant and 

correlated. Moreover, “given the inadequacies of the empirical techniques employed in 

this area, it may never be possible to confirm the influence of a specific indicator 

against a generic weather effect” (p 13).  

Recent empirical research has focused on the volatility of stock prices and their 

determinants. Among this literature, some studies examine factors affecting oil 

company stocks. An understanding of the behaviour of crude oil prices is sufficient to 

explain the behaviour of their market and their effect on share prices. Several variables 

could affect the dynamic of crude oil and could be used as explanatory variables. Table 

3.3 summarises the weather variables and empirical techniques that researchers applied 

in previous research. 
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Table 3.3 

The Weather and Other Variables 

 
Variables  Researchers 

ECONOMICS 

Weather Variables 

Temperature, rain, humidity and pressure.  Gabbi & Znotti (2005) 

Heating and cooling degree-days Pardo, Meneu , & Valor (20002) 

 

Economics Variables 

Demand 
Pardo, Meneu , & Valor (20002) 

Winter electric load Balzem, Fronza,  & Brusasca (1981) 

Consumption Sailor & Munoz (1996) 

Crude oil prices Lanza, Manera, & Giovannini (2005) 

Unleaded gasoline prices Serletis (1994) 

Diesel fuel prices Adrangi et al. (2001) 

Crude oil, gasoline, heating oil future prices Girma & Paulson (1999) 

 

ENVIRONMENTAL PSYCHOLOGY 

Weather Variables 

Temperature, humidity, evaporation Worthington (2006) 

Temperature, humidity, cloud cover Chang, Niel, Yang, & Yang (2005) 

Cloudiness, rain, humidity Dowling & Lucey (2005) 

Cloudiness, wind, temperature Keef & Roush (2005) 

Morning sunshine Hirshleifer & Shumway (2003) 

 

FINANCE 

Financial Variables 

Return on assets Saunders (1993) 

Nominal market return Worthington (2006) 

Market return Chang, Niel, Yang, & Yang (2005) 

Interest rate of bank bills, stock indexes Keef & Roush (2005) 

Currency foreign exchange rate Lanza, Manera, & Giovannini (2005) 

 

Control Variables 

Precipitation Hirshleifer & Shumway (2003) 
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Researchers have used petroleum products such as gasoline, gas oil, fuel oil and crude 

oil as the variables. Serletis (1994) examined unleaded gasoline and heating oil; 

whereas Adrangi et al. (2001) examined the price dynamics of specific crude oil and its 

relationship to diesel fuel prices. Girma and Paulson (1999) investigated a long-term 

relationship between crude oil, gasoline, and heating oil future prices. Lanza, Manera 

and Giovannini (2005) investigated heavy crude oil and product price dynamics by 

using co-integration and error correction models (ECM).  

Also, Giovannini, Grasso, Lanza, and Manera (2006) investigated stock price returns 

and their financial risk factors for the integrated oil companies by using the co-

integrated VAR/VECM methodology and multivariate GARCH. They found that 

market index variables spread within oil prices are endogenous for oil corporations. 

Table 3.4 summarises the models used in this research. 

Table 3.4 

Advance Models 

 
Model  Researchers 

GARCH Foster (1995) 

Switching ARCH (SWARCH) Susmel & Thompson (1997) 

Periodic GARCH (P-GARCH) Bollerslev & Ghysels (1996) 

GJR-GARCH Chang, Niel, Yang, & Yang (2005) 

ARIMA Chang, Niel, Yang, & Yang (2005) 

ARMA Worthington (2006) 

VAR/VECM Giovannini, Grasso, Lanza,  &  Manera (2006) 

Note: ARIMA, ARCH, and GARCH allow one to focus on variables of interest without the need to define additional variables or 

to specify a particular asset-pricing model. 
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3.5 Summary, Literature Gaps, and the Research Question 

The growing recognition of the need for significant reduction of global greenhouse 

gases emissions has led to a range of government and industry polices and government 

regulations, along with an array of publications on climate change and these regulatory 

approaches. A number of reports and papers analyse the potential impacts of climate 

change and mitigation polices, where some focus on the significant risk implications for 

many areas of the economy. Much academic attention has focused on the relationship 

between the environmental and financial performance and value relevance of 

environmental events. 

The IPCC was established by the UN to assess the available scientific, technical, and 

socio-economic publications on global warming and climate change. The IPCC’s key 

reports, published in 1991, 1996, 2001 and 2007, have had a significant influence on the 

outcome of the 1992 UNFCCC, the 1997 Kyoto Protocol, and the 2009 UN Conference 

on climate change in Copenhagen. The landmark world-known publications by 

economists that have had profound effects on the global warming and climate change 

debate such as The Economics of Climate Change (“The Stern Report”) (Stern, 2006), 

the Australian government’s The Garnaut Climate Change Review (2008), and others 

that discuss the effects of climate change on the world and national economies. 

Although some reports have been criticized for under-estimating the costs of adapting a 

low-carbon economy, they have sent “seismic waves” around the world. 

The importance of capital markets and market reactions to non-financial matters, 

environmental threats, and climate change information has become a focal point for 

researchers and an important link between the market’s proclivity for financial hyper-

reality and the “real world” (Thielemann, 2000; Mackintosh et al., 2005). In efficient 

markets of well-informed and rational investors, stock prices will reflect all available 

information (Laureates Samuelson, 1965; Fama, 1969). The EMH is based on the 

assumption that individuals act rationally and consider all available information in the 

decision-making process. However, many examples of irrational behaviour and repeated 

errors in judgment also have been documented in studies. The behavioural finance (BF) 

could explain irrational behaviour for such market anomalies. Numerous financial 

models attempt to explain the behaviour of stock prices such as the CAPM, the 3-Factor 
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Fama & French model, the Carhart Momentum, and Jegadeesh and Titman’s Contrarian 

Effect models (Markowitz, 1952; Sharpe, 1964; Lintner, 1965; Mossin, 1966; Ross, 

1976; Merton, 1973; Basu, 1983; Fama & French, 1992; Jegadeesh & Titman, 1993; 

Carhart, 1995). Thus, the behaviour of stock prices reflects both rational and irrational 

investment behaviour as reflected by investors’ decisions. 

An increasing number of researchers in BF have been empirically investigating the 

weather effect on investors’ emotional states with consequent effect on their investment 

decisions by examining the different capital market indexes and stocks (e.g., Saunders, 

1993; Avery & Chevalier, 1999; Kamstra et al., 2000; Trombley, 1997; Chang, Nieh, 

Yang & Yang, 2005; Tufan & Hamarat, 2004, 2006). Others have investigated the 

effects of weather-related moods on Australian stock returns (e.g., Boyle & Walter, 

2003; Doucouliagos, 2004; Worthington, 2006; and Keef & Roush, 2007).  

However, based on a thorough literature search, all published research studies assume 

that the weather is a cause of the change in investors’ mood and thus is irrational 

behaviour. Additionally, none of these studies assumes that the weather is influencing 

the demand or production in weather-sensitive sectors of the economy. Furthermore, no 

study assumes that capital markets include weather-sensitive sectors or assumes that 

investors react rationally to changes in the weather.  

Weather-related information has always played an important role in the economy and 

could significantly impact business activities. A large percentage of the empirical 

literature investigates the relationship between weather-related information and different 

related factors such as energy demand, consumption, prices, and seasonality in weather-

sensitive sectors (e.g., Balzem, Fronza & Brusasca, 1981; Anderson, 1985; Choi & 

Longstaff, 1985; Al-Zayer & Al-Ibrahim, 1995; Sailor & Munoz, 1996; Gabbi & Znotti, 

2005). 

However, no long-term empirical study has investigated how weather and climate 

change information could affect the market value of the weather-sensitive oil and gas 

sector. Furthermore, no comparative multi-year empirical study has investigated how 

climate change, with its extremes in the weather, affects the weather-sensitive sector on 

industry and company levels. Nor have any studies investigated these issues in the 
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context of the Australian oil and gas industry, nor have any scholars performed a 

comparative empirical analysis between the weather-sensitive oil and gas industry and 

the effect of climate change on the Australian stock market as a whole.  

One of the greatest concerns about climate change effects relates to the extremes in the 

weather. Petroleum fuels and natural gas are the main sources of GHG gas emissions, 

and considered to be driving climate change. Moreover, oil and gas companies are 

significantly affecting the environment by the catastrophic accidents such as oil spills, 

and their use of chemical-intensive, waste generation processes (e.g., C20).  

Considerable academic attention has focused on the relationship between firms and 

sectors’ environmental and financial performance ratings. The two major schools of 

thought disagree about the relationship between green and financial performance. From 

the traditional point of view, environmental investments are seen as representing or 

causing only increased costs and decreased earnings and, hence, decreased market 

values (e.g., Pava & Krausz, 1996; Mathur & Mathur, 2000; Walley & Whitehead, 

1994).  

From the green perspective, environmental investments and efforts to reduce firms’ 

negative environmental impacts increase their competitive advantages and result in 

improved financial returns to investors (e.g., Nilson, 2003; Clements, 2006; Mathur & 

Mathur, 2000). The growing interest from financial markets has resulted in increasing 

research in these “extra-financial” issues. Environmental information may lead capital 

markets to revise their expectations regarding the performance of companies.  

Thus, market data and news (information) is deemed relevant if it has a significant 

association with security market value (e.g., Beaver, 1998; Ohlson, 1995; Barth, 2000). 

A growing body of academic literature suggests that environmental performance is 

value relevant and that corporations should be concerned about this issue. The authors 

believe that environmental issues should be a central part of investment analysis (e.g., 

Dowell, Hart & Yeung, 2000; Stone, Guerard, Gultekin & Adams, 2001). 

 Also, empirical analyses and event studies have found a number of possible value-

relevant explanatory factors including (1) a competitive advantage, where potential 
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environmental regulations can be anticipated (e.g., Laplante & Lanoie, 1994; Badrinath 

& Bolster, 1996; Hamilton, 1995; Shane & Spicer, 1983; Khana, Quimio et al., 1997; 

Khana & Damon, 1997; Lanoie, Laplante & Roy, 1997); (2) the link between 

environmental catastrophes and shareholder value  (e.g., Ganzi & Dunn, 1995; Ganzi & 

Tanner, 1997; Gentry & Fernandez, 1997; Blacconiere & Patten, 1994), and (3) the 

direct and indirect negative impacts of corporations on the environment (e.g., Muoghalu 

et al., 1990; Laplante & Lanoie, 1994; Klassen & McLaughlin, 1996; Hamilton, 1996).  

Most literature concluded that environmental performance tends to correlate positively 

with various measurements of a firm’s financial performance such as profitability and 

shareholder value. The correlations range from “no negative impact” to “very strong 

impact” and indicate that environmental performance can be a significant value driver. 

Studies reveal that pollution and oil spills result in market valuation losses and suggest 

that the recognition of environmental performance has a positive reputational effect. 

Thus, environmental performance and catastrophic accidents can have an enormous 

impact on the market value of the oil and gas industry. 

Nevertheless, no empirical multi-year studies examine, on an industry level, the long-

term relationship between air pollution, its environmental impacts and their effects on 

market value.  Moreover, no empirical value-relevance studies examine oil refining 

companies, the main product of which is hydrocarbon, or the oil and gas industry, which 

is responsible for significant climate impact. Furthermore, only some qualitative, 

forecasting and scenario-building research focuses on the value relevance of climate 

change of the world’s leading oil and gas companies (Wellington & Souer, 2005). 

Recent government and private reports, and scholarly studies thoroughly analyses firms’ 

and sectors’ climate-related risks, risk management and opportunities. Additionally, 

most research is restricted to multinational companies in the United States or Western 

Europe (Kennelly, 1996). Also, almost all of these studies depend on a narrow set of 

backward-looking data (Reed, 1998).  

Thus, on a broad scale, academic research on the value relevance of weather and 

environmental issues investigated the impact of weather on firms’ market value and the 

impact of firms on the environment and climate change with a consequential impact on 
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market value. However, no research has investigated the overall effects, and to the best 

of my knowledge, no comprehensive empirical multiyear analysis has investigated the 

value relevance of weather and climate change and addressed the reinforcing 

relationships in the context of the Australian oil and gas industry.  

Finally, from one point of view, the financial market is a key factor in the sustainable 

performance of organisations (KPMG, 2005). From another view, the financial market 

is an important factor contributing to the degradation of the environment (Murray et al., 

2006).  Financial markets are seen as the biggest single impediment and the single 

biggest opportunity for investors to re-invest in a new form of compatibility with 

environmental aims of sustainability (Murray et al., 2006).  

Some authors (e.g., Murray et al., 2006) believe that the financial markets hold an 

enormous amount of global power. This power can manifest itself not only in 

geopolitical power realms but also, significantly in environmental degradation, social 

injustice and limitations on companies’ abilities to undertake activities that can be 

balanced by their responsibilities (e.g., remediation of problems they create). Those who 

hold traditional views still assume that investors are only interested in maximizing their 

risk-adjusted returns from their investments (e.g., Benston, 1982; Skogsvik, 1998, 

Rivoli, 1995) and suggest that investors should think of financial aspects of their 

investment decisions. Under such an assumption, there is no obvious reason for 

shareholders to concern themselves with the environmental impacts of their investment.  

However, not all investors are exclusively interested in the financial returns of their 

investments. Also, there is no a priori reason why analysts/scholars treat investment as 

purely economic events (Belkaoui, 1976). Moreover, significant evidence demonstrates 

that investors show interest in environmental information (Benjamin & Stanga, 1977; 

Chenall & Luchau, 1977; Firth, 1984; Epstein & Freedman, 1994). Nevertheless, 

Shmidheiny and Zorraquin (1996) believe that the inconsistency between the financial 

short-term outlook and the long-term requirements of sustainability is the explanation 

and ask, “Are the world financial markets a force for sustainable human progress, or are 

they an impediment to it?”  
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Since the oil and gas industry is significantly impacted by weather, and also responsible 

for a sustainable proportion of climate impacts, investors’ perceptions and the behaviour 

of the financial market could have an enormous impact on the market value of the firm 

based on climate change information.  There is increasing recognition that steps toward 

sustainability cannot be achieved if financial markets remain as rapacious, self-serving 

and short-term oriented as they are currently (Schmidheiny & Zorraquin, 1996). Are the 

financial markets a force for sustainable progress, or are they an impediment to it?  

Could environmental information represent signals to investors? 

Thus, previous research suggests and the research question of this thesis follows from 

the interaction between climate (weather) and the oil and gas industry. Given the 

dominance of the existing financial system and the urgent issue of climate change, 

investigating how capital markets react to climate change information is certainly a 

relevant and needed area of study. Given that the oil and gas industry is crucial to the 

Australian economy and is responsible for a substantial portion of carbon emissions, the 

primary question of this research is as follows:  

To what extent do the capital markets incorporate weather, climate change, and 

greenhouse gas emissions information in the stock valuation processes of Australian 

firms in the oil and gas industry?  

Currently, no comprehensive empirical analysis has investigated the extent to which 

capital market incorporate weather and climate change related information in the stock 

valuation process in the context of the oil and gas industry. Moreover, no empirical 

research and case studies have investigated investors’ reactions to climate change 

following the 1992 UNFCCC and the 1997 Kyoto Protocol policies. Thus, the present 

research attempts to fill this gap. 

Finally, the empirical research on this topic uses advanced models and methodologies 

such as multi-regression analysis, autoregressive moving averages, and autoregressive 

conditional heteroskedasticity (ARCH, GARC GJR-GARCH and ARIMA). However, 

there is no study that applied the Markov Switching Vector Autoregressive Model or the 

Vector Autoregressive Model, which determine the speed and duration of the market 

response to change in weather-related variables. Moreover, no other studies have 
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applied more than two models to perform a more robust and informative analysis, and, 

no research has focused on the causal direction between weather and share prices, using 

Granger-type causality tests that rely on temporal predictability as evidence of Granger 

causality. The present research fills in these gaps.  
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Chapter 4 

Theoretical Framework 

 

4.1    Introduction  

Chapter 4 presents the theoretical orientation of this research and specifies the theories 

used as a basis for this study. Also, this chapter presents a logical structure that provides 

focus to all subsequent steps in the present research. This chapter outlines the input, 

process, and output of the entire investigation and links interrelated concepts to provide 

a logical explanation of the interrelationships between the constructs. Furthermore, this 

chapter identifies the variables of greatest interest, and describes the interconnection 

among these variables, and also postulates the logical relationship between different 

variables. To better comprehend the theorized relationship, a schematic diagram of the 

research questions, theoretical and conceptual framework are also presented in this 

chapter. 

The theoretical framework combines several current theories and present an entirely 

original framework and concepts. The theoretical framework is largely guided by the 

value relevance literature, and the central arguments are derived from the capital market 

efficiency theory and theory of stock price behaviour. The theoretical framework of this 

research provides the conceptual basis for all research. The conceptual framework is 

based on the existing body of literature for the identification of variables, as well as for 

developing a logical argument for the new variables and interrelationship between these 

variables 

Chapter 4 encompasses the specific direction of the research and proposes the 

relationship between specific variables to explain present and predict future conditions. 

The chapter’s main objective is to present a theoretical framework and postulate specific 

relationships to help answer the research question. The chapter’s aim is to provide a 

foundation for hypothesis development, empirical models, and statistical tests to answer 

the research question. 
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4.2 Theoretical Framework  

Eisenhart (1991) describes a theoretical framework as a structure that guides research by 

relying on a formal theory. The theoretical framework presented in this chapter is 

largely based on the value relevance of financial and non-financial information theory. 

This framework is largely guided by reviewed literature, and derived from the capital 

market efficiency theory that is discussed in Section 3.2.1.1 and the theory of stock 

price behaviour discussed in Section 3.2.1.2.  

The importance of the Efficient Market Hypothesis (EMH) is that EMH justifies the use 

of movement in stock prices as a test of usefulness of financial and non-financial 

information (Thielemann, 2000; Mackintosh et al., 2005). The information is deemed 

value relevant if this information has a significant association with the securities market 

value (Ball & Brown, 1968; Beaver, 1997; Barth, 2000; Cohen, Fenn & Naimon, 1995; 

Repetto & Austin, 2001). However, behavioural finance theorists point to the existence 

of market bubbles and manias as examples of human behaviour being the possible 

missing link that explains such market anomalies (e.g., Saunders, 1993; Avery & 

Chevalier, 1999; Kamstra et al., 2000; Trombley, 1997; Chang, Nieh, Yang & Yang, 

2005; Tufan & Hamarat, 2004, 2006).  

Combining the most far-reaching perspectives, this research is deductive in its 

hypotheses testing, but also inductive in analysing inferences and the inter-dependent 

relationships between climate change and the oil and gas industry’s market value. This 

chapter presents a foundation upon which the relationship between climate change and 

the market value of the oil and gas industry is examined. This study’s framework is built 

around the relationships between climate and oil and gas industry, which interact and 

affect each other. Figure 4.1 shows the connections and concepts and provides a logical 

structure within which the present study answers the research question. 
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Figure 4.1 Weather/Climate Change and the Oil and Gas Industry 

As discussed in Section 1.2 and Section 2.3.2, the weather and climate change 

significantly affect the oil and gas industry.  Weather conditions and weather extremes 

are critical to the oil, gas, and petroleum markets (AMP, Baker & McKenzie, 2005). 

The extremes in the weather could have significant impacts on oil and gas production 

capacity. Factors such as increased demand for heating oil in winter and higher gasoline 

consumption in summer could affect production needs. Average temperature data are 

important to determine demand on natural gas, oil and petroleum production companies. 

Oil and gas companies face greater weather risks and are subject to a relatively large 

number of potentially significant variances in future earnings and, hence, face greater 

market value variance. 

Weather-related disturbances increase the risks and uncertainties for weather-sensitive 

economic sectors, such as the oil and gas industry (Roberto & Austin, 2000), that use 

new technologies and knowledge of meteorological expertise to manage weather risk. 
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Moreover, since 1997, to minimise the impacts of adverse weather, oil and gas 

companies often purchased insurance and/or weather derivatives to protect themselves. 

Greater stability and predictability tend to reassure investors and could result in 

increased shareholder value.  

Oil and gas companies’ management usually approach weather risks in two ways.  First, 

firms identify any catastrophic weather events that could adversely impact revenue 

streams, and arrange appropriate insurance coverage. The catastrophe-related risks 

(CAT risks) caused by hurricanes, tornados, and windstorms also have grown 

substantially, and “CAT” bonds issued to hedge weather risk increased dramatically. 

Second, firms can try to protect against a variation in revenue streams arising from 

weather events that are not catastrophic, but deviate from the norm, by entering into 

weather derivatives for non-catastrophic weather fluctuations. These weather 

fluctuations include warm or cold periods and other events expected to occur reasonably 

frequently. In essence, weather risks are the uncertainty in cash flows and earnings 

caused by non-catastrophic weather events such as temperature, humidity, rainfall, 

stream flows, and wind.  Weather derivatives include the range of weather variables, 

such as temperature, rain, snow, and wind. 

As discussed in Sections 2.3 and 3.4, the oil and gas industry significantly contribute to 

climate change. The Australian oil and gas industry, whose main purpose is the 

production of hydrocarbons, causes a substantial proportion of environmental impacts, 

and hence, climate and weather changes. Oil and gas industry products such as crude oil 

and natural gas use processes that generate large amounts of waste. Moreover, gas 

products emit large volumes of air pollutants upon consumption. Fossil fuel is the oil 

and gas industry’s main product and the main cause of increased atmospheric 

concentrations of greenhouse gas emissions (IPCC, 1991).
17

 Since, the oil and gas 

                                                           
17  Since the beginning of the Industrial Revolution, human activities have added greenhouse gases to the atmosphere, 

mainly through the burning of fossil fuels: liquid fuels (e.g., gasoline, fuel oil) is 36 percent, solid fuels (e.g., coal) is 

35 percent, gaseous fuels (e.g., natural gas) is 20 percent, furnace fuel oil is 4 percent, flaring gas industrially and at 

wells is 1 percent, and others (e.g., cement production) is 3 percent (Raupach, 2007). Atmospheric CO2 contributes 

more than 63 percent of the gas emissions responsible for climate change. The total global atmospheric CO2, which 

includes two major forcing fluxes: (i) CO2 emissions from fossil-fuel combustion and industrial processes and (ii) the 

CO2 flux from land-use change, mainly land clearing is responsible for the growth in carbon dioxide concentration 

(Raupach, 2007).  For example, the CO2 emissions from burning the fossil fuels that Shell produced in 1995 are 

higher than the CO2 emissions from the whole of Canada in the same year. BP and Shell have acknowledged the 

dangers posed by climate change and the need for precautionary action; however, Exxon Mobil has doubts about the 

science of global warming and to undermine policies devised to address climate impacts issues (Hamilton, 1998).  
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industry is responsible for the environmental impact and greenhouse gas emissions, 

behaviour of the capital market could have an enormous impact on the market value of 

oil and gas companies (The Carbon Trust, 2005). Thus, the oil and gas industry is 

exposed to economic and physical risks resulting from climate change, which could 

significantly affect shareholders’ wealth and the market value of oil gas companies (see 

Section 2.3) (Wellington & Souer, 2005). 

Moreover, public concern about detrimental and potentially devastating effects of GHG 

has grown steadily since the 1990s (Anderson, 2007), and has prompted many to realize 

that climate change poses a significant risk for oil and gas companies (The Carbon 

Trust, 2005).  Moreover, the 1992 UNCCC at Rio de Janeiro and the 1997 Kyoto 

Protocol carbon-mitigation policies impact finance, competition, and economic growth, 

and pose profound challenges to oil and gas companies across the globe. The risks 

include unpredictable shifts in demand and impacts on the supply chain, change in 

products, and constraints to access to new reserves. As a result of growing international 

efforts to reduce greenhouse gases emissions, shareholders could see declines in the 

value of their oil and gas company investments (Dumas, 2006). 

However, the mitigation of carbon emissions also brings some opportunities for oil and 

gas companies. On the opportunity side are options for emissions trading, new 

alternative markets and product opportunities to be explored, which in turn can affect 

the market value of oil and gas companies. At present, oil and gas companies associated 

with fossil fuel are shifting to clean-technological products and services.   

 In Australia, the future structure of climate policy remains uncertain, even though 

Australia ratified the Kyoto Protocol in December 2007. The Australian government has 

committed to a reduction target of 60 percent of its 2000 emission levels by 2050. The 

central policy to achieve this target is the Australian Emissions Trading Scheme 

(AETS), planned to begin in 2015. Also, energy efficiency strategies and a mandatory 

                                                                                                                                                                          
 

In response, Al Gore (1997) in Kyoto compared the tactics of Exxon Mobile to the tactics employed by the tobacco 

industry: “We remember the tobacco company spokesperson who insisted for so long that smoking did no harm. To 

those that seek to obfuscate, we say: we will not allow you to put narrow special interests above the interests of all 

humankind.” Today, the oil and gas companies are in a similar position with the tobacco industry. The new regulatory 

policies will lead to reduce demand for fossil fuel. The users who use the carbon-intensive products could switch to 

the no-carbon goods and renewable energy. 
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renewable energy target for the nation, a whole 20 percent by 2020, are expected to be 

introduced (Australian Labour Party, 2007). Also, the Australian Government 

introduced a carbon tax for a transitional period of three to five years before moving to a 

cap-and-trade emissions trading scheme. By law the carbon tax scheme starts on July 1,  

2012, and by law the price is $23 a tonne, adjusted for inflation each year in the fixed 

three-year period. There is no flexibility and no floating price until 2015 (Kelly, 2011). 

The rationale for the carbon tax is that its introduction will lead to reduced demand for 

carbon intensive goods. In addition, a tax on carbon will shift the production of energy 

towards less emissions intensive technologies.  

Under the proposed emissions trading scheme (ETS) the Australian Government will 

create an open market for the sale of permits, which allows for a fixed level of carbon 

emissions. The Government sets a cap on the number of permits being sold, and this 

action is able to guarantee a reduction in emissions. However, the price of carbon, and 

therefore the magnitude of the impact on households and businesses under an ETS, will 

be uncertain as the market sets the price. The following Figure 4.2 shows the 

interdependent relationship between the oil and gas industry, climate change, GHG 

emissions, and GHG gas emissions reduction policies. 

 

Figure 4.2 Climate Change – the Oil and Gas Industry Relationship 

Thus, the oil and gas industry is significantly exposed to economic, competitive, carbon, 

and physical risks resulting from climate change, which could significantly affect the 

market value of oil gas companies. The oil and gas industry is providing a classic case 

of decision making under uncertainty where risk analysis and decision models will 
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represent important components in a series of investment decisions in a climate-affected 

and carbon-constrained economy. Figure 4.3 offers a theoretical framework of the 

relationship between climate change and the market value of the oil and gas industry.  

Figure 4.3  Framework ― Value Relevance of Climate Change and the Oil and   

Gas Industry 
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The first main link indicates the impact of weather and climate change on the oil and 

gas industry. The second main link indicates an impact of the oil and gas industry on 

climate, which in turn significantly contributes by carbon emissions. The capital market 

is a link between climate change and the market value of the industry.  Volatile and 

extreme weather brings weather risks (link 1a) and opportunities (link 1b) that 

consequently link to risk management (link 1c) presented by weather derivatives, 

insurance, catastrophic bonds and new technologies (link 1d) and, finally, all these 

factors can affect the market value of the oil and gas industry. The oil and industry, 

whose main goal is to increase the market value of firms, significantly contributes to 

carbon emissions, which is considered as driving climate change (link 2).  

However, the mitigation of carbon emissions (3) will bring risks (link 3a) and 

opportunities (link 3b) for the oil and gas companies. On the down side (link 3c), shifts 

in demand, impacts on the supply chain, change in products, constraints in access to 

new reserves and, on the up side (link 3d), emission trading, and new market and 

product opportunities will also affect the market value of the oil and gas companies. 

Moreover, new risks and opportunities will bring a great uncertainty (link 4) that will 

require new derivative instruments and a new management approach. This research 

empirically examines the main links, and discusses the investors’ and companies’ 

responses to the climate risks and opportunities.  

This study’s theoretical framework is based on paradigms from various fields such as 

environmental science, business and finance. The model, which this study developed, 

provides insights and the logical consequences of the possible interrelationship between 

climate change and oil and gas companies. Figure 4.4 presents a framework within 

which a comprehensive empirical analysis of the association between climate change 

and market value of the Australian oil and gas firms is examined (links 1a, 1b, 1c, 1d, 2 

and 3a).  The three additional links (3.1, 3.2, and 3.3) show the periods before and after 

(1992, 1997) introduction of the United Nations carbon-mitigation policies. 
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Figure 4.4 The Value Relevance of Weather and Climate Change in the Context 

of the Oil and Gas Industry  
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4.3 Variables  
4.3.1 Climate Change and Weather Variables 

The Intergovernmental Panel on Climate Change defines climate change broadly as any 

change in climate over time, whether, due to natural variability or as a result of human 

activity. However, the UN Framework Convention on Climate Change defines climate 

change as a change of climate that is attributed directly or indirectly to human activity 

that alters the composition of the global atmosphere, and that is in addition to natural 

climate variability over comparable times. Some authors use the term “climate change” 

to refer to all forms of climatic inconstancy, regardless of their statistical nature (or 

physical causes) (Mitchell et al. 1966). Usually, severe and extreme weather is the most 

accepted measure of climate change and is used by the public and media (Bärring, 1993; 

Pielke, 2004). 

Severe weather refers to any meteorological phenomena with the potential to cause 

damage, serious social disruption, and/or loss of human life (Sci-Tech Dictionary, 

2010). Extreme weather is defined as a weather phenomenon indicative of an unstable 

climate and extremes of historical patterns, especially severe and unseasonal weather. 

The combination of extreme weather and human activity has led to dramatic weather 

catastrophes (English Dictionary, 2010). As distinguished from climate, weather 

consists of the short-term variations of the atmosphere. Weather is popularly thought of 

in terms of temperature, humidity, precipitation, and other meteorological phenomena 

(English Dictionary, 2010).  

The oil and gas industry, which encompasses large multinational companies that are 

engaged in the exploration, capture, development and production of oil and gas, is 

affected by weather conditions (AMS, 2001) as described in Section 2.3.2. Also, as the 

temperature approaches the extremes (high or low), demand impact increases 

substantially. Forecasts of weather and extreme events are important for oil and gas 

companies, which must manage assets such as oil supply and gas pipelines and the 

delivery of supplies (Altalo et al., 2000). 
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The degree to which adverse weather conditions affect an industry can be expressed as 

the industry’s “weather sensitivity” (Gibbs, 2000). The oil and gas industry is weather-

sensitive in that its operations (and thus profits) depend on smooth, predictable weather 

and thus relies on meteorological expertise in its day-to-day operations. For example, 

monthly, weekly, and daily pressure that signals a change in the weather is significant 

for the oil and gas industry.  

Meteorologists have used barometric pressure and “pressure tendency” (the change of 

pressure over time) in weather forecasting since the late 19
th

 century. The larger the 

change in pressure, the greater the expected change in weather.  Rapid pressure rises 

(high pressure) are associated with improving weather conditions. A low-pressure area, 

or “low barometric pressure,” spot are the regions where the atmospheric pressure is 

lower in relation to the surrounding area. Rains, tropical storms, tropical and polar 

cyclones are called low-pressure cells (ABM, 2009). Also, low pressure is frequently 

associated with stronger winds and atmospheric lift, which generally produces cloud 

cover. Thus, low pressure typically brings cloudy weather, which can minimize diurnal 

temperature extremes ― variation from the day’s warmest point to its coolest point 

(generally in the night) in both summer and winter (WRMA, 2003).  

Additionally, daily humidity is significant for oil, gas, and refining companies. 

Humidity is the amount of water vapour in the air. In common vernacular, the term 

“humidity” means relative humidity. The most humid cities on earth are generally 

located closer to the equator, near coastal regions where the air picks up moisture from 

the nearby oceans, seas or large lakes. Australia experiences an extremely humid wet 

season from December to April (ABM, 2009). Unusual high humidity can affect 

demand for petroleum and gasoline, and generally with hot humid weather, people use 

more air conditioning (AMS, 2001). Moreover, relative humidity is an important metric 

in forecasting weather.  
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4.3.2 Weather, Climate, and Control Variables  

This study’s selection of specific environmental, financial, and other related variables 

largely is guided by the literature review on variables in Sections 3.3.1 – 3.3.3 and 

discussed in the literature on weather and behaviour finance in Section 3.2.1.3. The 

value relevance literature as discussed in Section 3.2.2 requires an adequate proxy for 

the firm value in order to link firm value with specific characteristics. The 

weather/climate change information is associated with a change in firm value through 

its association with the firm’s performance (Hard & Ahuja, 1996).  

Return on Investment ― Dependent Variable 

Stock price is often a common proxy for the market value of the firm (Ball and Brown, 

1968; Beaver, 1998; Ohlson, 1999; Barth, 2000). A series of capital market returns on 

Australian oil and gas companies serve as proxies for the market value of the firms. The 

returns on the investments are calculated using the discrete return formula Rt = 100* ln 

(Pt /Pt -1) where Pt  is share price at the end of day t  and applied in order to remove 

“open-and-close-of-market effects.”  

Weather-Related Variables ― Independent Variables  

Weather-related variables such as temperature, humidity, and atmospheric pressure are 

important factors for weather-sensitive oil and gas companies, and they also have been 

applied in weather-sensitive market research (e.g., Gabbi & Znotti, 2005), weather-

effect behaviour finance research (e.g., Cao & Wei, 2005; Tufan & Hamarat, 2004, 

2007 and others), and in scientific research (McMichel et al., 2002). Moreover, in 

accordance with definition of weather as stated in Section 4.3.1, meteorological 

phenomena such as Temperature, Pressure, Humidity, Quality of air temperature, Wet 

bulb temperature, Quality of wet bulb temperature, and Vapour pressure are usually 

uses by businesses to predict weather (the Australian Bureau of Meteorology, 2009) and 

thus, are selected for the present study.   

Table 4.1 summarises weather and climate change variables, along with their 

descriptions and measurement. 
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Table 4.1 

Weather Variables 

 
Variable Description and Measure Expected sign 

Australia’s  
 

Temperature 

(X1,t) 

 

 

(X1,t)  ― Maximum temperature at     

3 pm at day t (and/or weekly, 

monthly, annual average). 

 

 

 

“–” or “+” 

Pressure 

(X2,t)  

(X2,t) ― Changes in atmospheric 

pressure signal shifts in the weather at 

day t, (and/or weekly, monthly, annual 

average). 

 

“–” or “+” 

Humidity  

(X3,t) 

(X3,t) ― Metric used in forecasting 

weather at day t, (and/or weekly, 

monthly, annual average). 

 

“–” or “+” 

Quality air temperature 

(X4,t) 

 

(X4,t) ― Maximum quality air 

temperature at 3 pm at day t.  

 

“–” or “+” 

Wet bulb temperature 

(X5,t) 

(X5,t) ― Measure measures the 

temperature that results from 

evaporation at 3 pm at day t. 

 

“–” or “+” 

Quality of wet bulb 

temperature  

(X6,t) 

 

 

 (X6,t) ― Adjusted measure related to 

relative humidity, measures the 

temperature that results from 

evaporation at 3 pm at day t. 

 

“–” or “+” 

Vapour pressure 

 (X7,t) 

 

Global 
 

Global temperature             

(X10,t) 

 

(X7.t) ― All extra weather effects 

condensed into a single number at       

3 pm at day t.  

 

 

(X10,t) ― Maximum global 

temperature at 3 pm at day t 

(monthly). 

“–”  or “+” 

 

 

 

 

“–” or “+” 
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“Climate Change” Variables ― Independent Variables  

The maximum temperature is often a common proxy for global warming or climate 

change (Webb, 2006; Amirato et al., 2007). The changes in atmospheric pressure signal 

shifts in the weather and are associated with climate change, while humidity is used in 

forecasting weather extremes (Australian Bureau of Meteorology, 2010). In addition, 

CO2 emission is a common proxy for pollution and greenhouse gas emission (King & 

Lenox, 2001; Hard & Ahuja, 1996). Thus, these variables are selected in the present 

research. Moreover, four kinds of variation involved in the weather - time series studies 

are: 

1. Trends and seasonal variations  

2. Cyclical and irregular variations. 

Cyclical fluctuations in the weather have been associated with wet or dry periods lasting 

from 10 to 30 years. Seasonal variations involve patterns of change within a year that 

tends to be repeated from year to year. Irregular variations are completely unpredictable 

changes that occur randomly. In this study, the cyclical and irregular variations in the 

weather-related data represent “extremes in the weather” or “climate change.” Dummy 

variables for removing seasonal patterns and trends are used to detect any unusual 

events and weather extremes.  

Thus, the climate change variables are obtained by removing trends and seasonality 

from weather-related data such as Temperature ( 1,t), Pressure ( 2,t), Humidity 3,t), 

Quality of air temperature ( 4,t), Wet bulb temperature ( 5,t), Quality of wet bulb 

temperature ( 6,t), Vapour pressure ( 7,t), which can be statistically adjusted to the 

“weather-extremes” data. Also, Carbone dioxide CO2 Australia’s ( 8,t), and global   

( 9,t) as a proxies for the greenhouse gas emissions also were de-trended and de-

seasonalised. However, any proxy for the climate change variable may yield biased 

metrics if the measurement error in the proxy is correlated with omitted variables; 

examination could require some controlling variables and finance models. Table 4.2 

summarises the climate change variables and their measurements. 
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Table 4.2 

Climate Change Variables 

 
Variable Description and Measure Expected sign 

Australia’s  

Temperature 

( 1,t) 

 

 

(X1,t) ― de-trended and de-seasonalized maximum 

temperature at 3 pm at day t (or weekly, monthly, annual 

average). 

 

            

           “–” 

Pressure 

 ( 2,t)  

(X2,t) ― De-trended and de-seasonalized atmospheric pressure 

signals significant change in the weather at day t, (or weekly, 

monthly, annual average).  Pressure is a proxy for climate 

change. 

 

“–” 

 

“–” 

Humidity  

( 3,t) 

 

 

Quality air 

temperature 

( 4,t)  

 

Wet bulb 

temperature 

( 5,t) 

  

Quality of wet 

bulb temperature  

( 6,t)       

 

Vapour pressure  

( 7,t) 

                        

(X3,t) ― Forecasting variable; de-trended and de-seasonalized 

humidity signals significant change in the weather at day t, (or 

weekly, monthly, annual average). 

 

(X4,t) ― De-trended and de-seasonalized maximum quality air 

temperature at time t. 

 

 

(X5,t) ― De-trended and de-seasonalized temperature that 

results from evaporation at time t. 

 

 

(X6,t) ― De-trended and de-seasonalized adjusted to relative 

humidity that measures the temperature resulted from 

evaporation at time t. 

 

(X7,t)  ― De-trended and de-seasonalized all extra weather 

effects condensed into a single number. 

 

 

 

“+” 

 

 

“–”  

 

 

            “–”  

 

 

 

“–” 

 

 

 

“–”  or “+” 

Australian carbon 

dioxide 

( 8,t) 

 

Global 

Global carbon 

dioxide 

 ( 9,t) 

 

Global carbon 

dioxide from 

Fuel 

( 9,t) 

 

Global 

temperature             

( 10,t) 

 

Global 

temperature 

anomalies ( 11,t) 

(X8,t)  ― De-trended and de-seasonalized quantity of the 

Australian CO2 emissions at the end of the day t (or weekly, 

monthly, annual).  

 

 

 

(X9,t)  ― De-trended and de-seasonalized quantity of the of 

global CO2 emissions at the end of the day t (or weekly, 

monthly, annual). 

 

(X’9,t) ― De-trended and de-seasonalized quantity of the 

global CO2 from fuel emissions at the end of the day t (or 

weekly, monthly, annual). 

 

 

(X10,t)  ― De-trended and de-seasonalized maximum global 

temperature at time t (monthly, annual average). 

 

 

( 11,t) ― Global temperature Anomalies. 

“+” 

before 1992 

“–” 

after 1992 and after 

1997 

 

 

“–” 

 

 

“–” 

 

 

 

 

“–” 

 

 

 

 

“–” 



113 

 

Control Variables – Independent Variables 

Factors related to size, book-to-market value, earnings/price, and other significant 

factors can influence results and must be included as control variables. Thus, Fama and 

French’s (1992) Three-Factor Model, the contrarian effect, and economic variables are 

employed as control variables. An explanation of common stock behaviour and the 

controlling variables’ effects are detailed in Section 3.2.1.2. Selection of the economic 

variables based on the central arguments derived from the reviewed literature on the oil 

and gas industry and discussion of finance and economics variables are in sections 3.3.1 

– 3.3.3.   

Fama and French’s (1992) Three-Factor Model includes size (ME, stock price X 

number of shares), earnings/price (E/P), and book-to-market equity (the ratio of the 

book value of a firm’s common stock, BE, to its market value, ME). This study 

investigates the effects of climate change and GHG, the total value of annual sales 

(Sales) as an accounting measure also is selected as a proxy for size. Production should 

significantly correlate with CO2 emissions. Carhart (1995) added an additional factor to 

the Fama and French variables, capturing Jagadeesh and Trimans’ (1993) short-term 

momentum effect. Becker and Ochman (2004) found that variables in the behaviour 

model based on 1-, 2-, and 3-year returns are the most effective in distinguishing 

extreme winners from extremes losers. The contrarian approach uses long-term returns, 

and therefore, a sound portfolio strategy would be to buy (sell) the portfolio that has 

performed poorly (well) during the last 3 years. 

Following Becker and Ochman (2004), instead of 1-year momentum, the contrarian 

effect is used as a behavioural factor explaining returns. Moreover, oil and gas 

companies can have abnormal losses during exploration periods and could generate 

significant profits during production period. Therefore, the “losers” could become 

“winners” over a 3-year period. Moreover, economic variables such the world crude oil 

price, gas-oil price (Singapore prices are the benchmark for Australian prices), gasoline 

spot price, crude oil future contract prices, gasoline future contract price, Australian 

crude oil price, fuel oil price (Singapore), natural world gas price, natural gas future 

contract price, interest rates, and foreign exchange rates could influence results and 

thus, should be considered as control variables (Table 4.3).  
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Table 4.3 

Control Variables 

 

Variable 

 

Description and Measure Expected sign 

World Crude Oil price 

(X12,t)   

(WCOP) ― World Crude Oil price measure the spot price per barrel 

(Dollars per Barrel) converted to return (Ri,t) = 100 ln (Pt /Pt-1), where P 

is  price of world crude oil and i is  subscript for WCOP.  

 

       “+” 

World Natural Gas Price 

(X13,t)  

 

(WNGP) ― World Natural Gas Prices measure the spot price in Dollars 

per million Btu (MBtu), converted to return. (Ri,t) = 100 ln (Pt /Pt-1), 

where P is price of natural gas and i is subscript for WNGP. 

 

“+” 

Crude Oil Futures 

Contract Price 

(X14,t)   

(COFCP)  ― Crude Oil Futures Contract (Dollars per Barrel) traded on 

the New York Mercantile Exchange. Price of crude oil quoted for the 

delivering of a specified quantity of commodity at a specified time and 

place in the future. It converted to return. (Ri,t) = 100 ln (Pt /Pt-1), where P 

is price of oil futures contract and i is subscript for COFCP. 

 

 

 

 “+” or “–” 

Natural Gas Futures 

Contracts Prices 

(X15,t)  

 

 

 

Australian Crude Oil 

Price (X16,t)  

 

 

Singapore’s Gas-Oil Price 

(X17,t)  

 

 

Singapore’s gasoline spot 

price (X18,t)  

 

Gasoline Future Contract 

price (X19,t)  

 

Singapore’s Fuel Oil Spot 

Price  (X20,t)  

(NGFCP) ― Natural Gas Futures Contracts per million Btu traded on 

the NYMEX. Price of natural gas quoted for the delivering of a specified 

quantity of commodity at a specified time and place in the future. (Ri,t) = 

100 ln (Pt /Pt-1), where P is price of gas futures contract and i is subscript 

for NGFCP. 

 

(ACOP) ― Australian Crude Oil converted to return where price.       

(Ri,t) = 100 ln (Pt /Pt-1), where P is price of Australian crude oil and i is  

subscript for ACOP. 

 

(GOPS) ― Singapore’s Gas-Oil Price also converted to the returns. 

(Rt) = 100 ln (Pt /Pt-1), where P is price of gas-oil prices and i is subscript 

for GOPS. 

 

(GOLPS) ― Singapore’s gasoline spot price converted to the returns.  

(Ri,t) = 100 ln (Pt /Pt-1), where P is price of gasoline and i is subscript for 

GOLPS. 

 

GOLFCP) – Gasoline future contract price converted to the returns. 

(Ri,t) =100 ln (Pt /Pt-1), where P is price of gasoline future contract and i is 

subscript for GOLPS. 

 

(FUOPS)  ― Singapore’s Fuel Oil Spot Price. (Ri,t) = 100 ln (Pt /Pt-1), 

where P price of oil futures contract and i is subscript for FULPS. 

 

 

 “+” or “–” 

 

 

       ”+” 

 

 

       “+” 

 

 

       “+” 

 “+” or “–” 

 

 

 

      “+” 

Australia’s Interest Rates 

(X21,t) 

(AIR) ― Australia’s Interest Rates. The cost or charge in AU Dollar for 

the use of money over a period of time. 
 

       “-” 

Foreign Exchange Rates 

(X22,t) 

(FER) ― Foreign Exchange Rate. 

Rate, which AUD may be converted into USD. 

 

 

       “+” 

Size (Annual Sale) 

(X23,t) 

Book- to- market value 

ratio (X24,t)   

Earnings/price ratio   

(X25,t)                       

Contrarian Effect  

(X26,t) 

(S) ― Annual Sale. Amount of money a business brought in during the 

time covered by the income statement.  

 

(BV/MV) ― Book- to- market value ratio. Ratio used to find the value 

of a company by comparing the book value of a firm to its market value.  

 

(E/P) ― Earnings/price ratio. A valuation ratio of a company's current 

share price compared to its per-share earnings (E/Pt). 

 

(C) ― Contrarian Effect ― A long-term reversal. Annual returns (Loser)  

“–” Annual returns (Winners). 

       “+” 

 

 

 

       “–” 

 

 

“+” or “–”  
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4.4       Summary and Conclusion 

This study’s theoretical framework is based on the theories of capital market efficiency 

and the value relevance of financial and non-financial information. This framework is 

based on paradigms from various fields such as environmental science, and business 

and finance. The framework of this study provides insights and the logical 

consequences of the possible reinforcing relationships between weather, climate change, 

oil and gas companies, and the capital market. Weather conditions and climate change 

are increased risks and uncertainty for the oil and gas industry. Moreover, international 

efforts and United Nations policies to reduce greenhouse gas emissions will bring 

additional risks and opportunities for oil and gas companies.  

This study develops a model to empirically examine: 

1. Weather and climate change effects on the oil and gas industry and subsequent   

investors’ reactions, 

2. Impact of the oil and gas companies on climate and subsequent investors’ 

reactions to carbon dioxide emissions, and 

3.  Investors’ responses to the climate change and carbon dioxide emissions.  

The study specifically examines the following periods: 

a) Period 1     From year 1983 to year 1992 

b) Period 2     Following the 1992 UN Framework Convention on Climate Change 

c) Period 3     Following the 1997 Kyoto Protocol policies. 

The model presents a logical structure within which the present study answers the 

research question and provides a foundation for hypothesis development, methodology, 

empirical models, and statistical tests. Identification and measurement of weather and 

finance variables are derived from the existing literature. The methodology is developed 

in Chapter 5, while the relationships between variables, hypotheses development, 

research design, and statistical tests for empirical analyses are presented and 

summarized in Chapter 6. 
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Chapter 5 

Data and Methodology 

 

5.1 Introduction 

This study’s main objective is to investigate the impact of weather and the total effect of 

climate change and greenhouse gas emissions on the market value of the Australian oil 

and gas industry. The purpose is to determine whether a relationship exists between 

returns on investment and weather and climate change. A combination of methods has 

been developed to confirm or reject the existence of these relationships. This research is 

deductive and quantitative, while also inductive and qualitative in analysing the value 

relevance of weather and climate change. Thus, comprehensive multiyear empirical 

analysis is the best to investigate these relationships. This chapter connects this study’s 

concepts and data to its measurement procedures that produce precise quantitative 

information. This chapter explains how data was collected and analysed to achieve the 

study’s objectives. The selection of research methods most appropriate to the study’s 

objectives are guided by published research on methodology discussed in Section 3.3.3. 

 The present research uses the most advanced time-series econometric models such as 

the Vector Autoregressive, Autoregressive Moving Average, Autoregressive 

Conditional Heteroskedasticity, the Markov Switching Vector Autoregressive (MS-

VAR) models, and the Granger Causality test to examine the value relevance of the 

weather and climate change. While the transformation of weather-related data to climate 

change variables is achieved by de-trending and de-seasonalizing the data and using 

dummy variables, the time series models allow researchers to concentrate on those 

variables of most interest without specifying any financial or climatic models. Also, the 

linear multiregression models and Fama and French model extended by the “contrarian 

effect” help provide insights into the role of environmental variables in financial 

models.  
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5.2 Data 
5.2.1    Industry, Index and Company Selection  

The study focuses on the Australian oil and gas industry, including petroleum refining, 

due to their established impact on climate change in both physical and financial terms. 

This industry is deemed important as the change in global temperatures (Copenhagen 

Accord, 2009) is expected to cause a myriad of other environmental and economic 

changes, plus it strikes at the industry’s core products. Greenhouse gas emissions can 

only be minimized by reducing the use of fossil fuels. This study focuses on the carbon-

mitigation policies that could significantly impact the earnings and market value of 

Australian oil and gas companies. In summary, this study selected the oil and gas 

industry for the following reasons: 

1. The oil and gas industry is a key component in the Australian economy. 

2. The Australian economy depends more on fossil fuels for its wealth generation 

and power supply than do most developed economies. 

3. The oil and gas industry is one of the most weather-sensitive sectors of the 

nation’s economy. 

4. The oil and gas industry significantly affects climate change, and thus, the 

industry plays an important role (worldwide and regionally) in reducing 

greenhouse gases (GHG). 

5. Oil and gas companies are more likely to be affected in a material way by 

climate change, making this industry a subject for integrating environmental 

analysis into a company stock’s financial assessments. 

This research concentrates on the analysis of the Australian Oil and Gas Index (AOGI) 

and the Australian refining company Caltex Limited, with a geographical focus on 

Australia. The AOGI represents the leading Australian oil and gas companies and 

includes domestic companies and MNEs that operate around the world. Caltex Limited 

is headquartered and operates in Australia and is listed on the Australian Stock 

Exchange (ASX).  

Australia has seven major oil refineries: BP Refinery (Bulwer Island) PTY, (QLD); BP 

Refinery (Kwinana) PTY Ltd, (NSW); Shell Refining (Geelong) PTY Ltd., (VIC); Shell 
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Refining (Clyde) PTY Ltd., (NSW); and Caltex Australia Limited (QLD, NSW) located 

in Brisbane and Sydney (AIP, 2005, p. 5). Caltex Australia Ltd. is the largest refiner and 

marketer of petroleum products in Australia, with operations in all states and territories. 

Caltex is the only Australian oil refining and marketing company listed on the 

Australian Stock Exchange. 

This study uses the All Ordinaries Index and S&P/ASX 200 Index as the proxy for the 

Australian capital market. The All Ordinaries Index, considered the primary market 

indicator for the Australian equity market, contains the 500 largest securities listed on 

the ASX. The S&P/ASX 200 measures the performance of the 200 largest (in terms of 

market capitalization) index-eligible stocks on the ASX. Representative, liquid and 

tradable, S&P/ASX200 is widely considered Australia’s preeminent benchmark index. 

The index includes approximately 80 percent of the Australian equity market’s 

capitalization.  

In addition, a sample of 10 Australian oil and gas companies with abnormal returns and 

companies that carried abnormal losses is selected as the “losers” and “winners” for the 

10 years period from 1997 to 2006. A sample of the other 10 Australian oil and gas 

companies also is selected to investigate seasonal effects and quarterly data applied in 

the Fama and French model. 

 

5.2.2 Data and Sample Size 

Weather related data are provided by the Australian Bureau of Meteorology. The 

Australian government’s Sydney-based meteorological station (Station # N066062), 

located in Australia’s financial capital market, are selected for data collection and 

empirical analysis. All missing data are replaced by data provided by the Sydney airport 

meteorological station (# N66037).  

The capital market data examined in the sample are end-of-financial-trading-day 

numbers, weekly (Wednesday), averages, and monthly and annual share prices traded 

on the ASX; these data are collected from DataStream’s database. The profit-related 

data used in this study also are collected from DataStream. The daily, weekly, and 
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monthly world oil and gas prices data are collected from the U.S. Energy Information 

Administration’s Official Energy Statistics database.  

CO2 data also are collected from the Australian Bureau of Meteorology, at Cape Grim 

Cape Baseline Air Pollution Station in Australian state Tasmania. The U.S. 

Meteorological station in Hawaii provided global temperature and global CO2 data.  

Estimated annual temperature anomalies data is collected by the Climatic Research Unit 

of the University of East Anglia’s Meteorological School of Environmental Science, in 

the U.K. The data on oil, gas, gasoline, and derivatives prices comes from the U.S 

Energy Information Administration. The economic variables, such as AUD/USA 

foreign exchange rates and interest rates, come from the Reserve Bank of Australia 

(http://www.rba.gov.au/).   

This research tracks the change in share prices on the AOGI and weather-related data 

from January 1973 to April 2007. To examine the value relevance of global warming 

and climate change of Caltex Limited, this study covers the period from January 1983 to 

April 2007. For comparison purposes and to obtain the most robust results, a total of 

8,957 AOGI daily returns and weather-related data, plus 6,347 Caltex Limited daily 

returns, along with weekly and monthly average temperature, humidity and pressure 

data, are used to compare data results of 1,269 weeks (Wednesdays) and 283 months 

from January 1, 1983 to April 1, 2007. 

A total of 3,677 daily, 736 weekly, and 182 monthly weather andclimate-related data, 

CO2 and share prices data of Caltex Limited, the AOGI, the All Ordinaries Index and 

S&P/ASX 200 index from July 1992 to July 2006 are collected for comparative 

analyses. A total of 1,491 daily, 494 weekly and 114 monthly data are collected from 

June 1997 to July 2006. Annual and quarterly data of 10 Australian oil and gas 

companies constitutes the sample size of 100, and 400 for the period from 1997 – 2006, 

and quarterly data of 10 oil and gas companies. 
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5.3 Methodology 

The value-relevance literature assumes market efficiency. The relationship between 

environmental variables and change in value of firms (returns) is explored using an 

association study methodology, which builds on the relationship between information 

and security market value (Miller & Modigliani, 1966). Thus, an association approach is 

employed to empirically examine the association between climate change and the 

market value of the oil and gas industry.  

This research is used a multiple regression technique and the time series models to 

observe the value relevance relationship between climate change and oil and gas 

industry. Following the methodology of previous studies, separate regression models 

are estimated. The regression specifies a change in the market value of the firm 

(industry), which is a stock’s return, as the dependent variable and the independent 

variables as all weather-related, carbon emission-related and control variables. The 

empirical models are structured following a stepwise process, starting with the simplest 

model, then progressively adding new control variables to form the Three-Factor Fama 

and French, Behaviour and Return Association models to assess the impact of 

environmental factors on the market value of the oil and gas industry.  The long-term 

relationship between weather, climate, and the capital market is modeled as time series 

processes.  

The Vector Auto Regressive (VAR) Time Series model is used to investigate these 

relationships. In addition, the Autoregressive Conditional Heteroskedasticity (ARCH) 

time series models and GARCH, and the Markov Switching-Vector Auto Regressive 

model (MS-VAR), also are applied. All analyses are performed within the context of a 

Vector Auto Regressive (VAR) model. The ARCH and GARCH models include past 

variances in explaining future variances and take in to account some excess kurtosis, 

leverage effects and volatility clustering ― three important characteristics of the 

financial time series. MS-VAR can capture the periods containing highly unanticipated 

events. MS-VAR verifies regime shifts between variables. The existence of a co-

integrating relationship among variables suggests the Granger Causality effect in at least 

one direction and hence, shows that weather is an influence change in the market value 

of the Australian companies. 
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5.3.1 Time Series Models 

The time series models are usually a-theoretical in that their construction and 

application are not based on any underlying theoretical model of the behaviour of 

variables. Instead, time series models empirically capture relevant features of the 

observed data that may arise from a variety of different, unspecified structural models. 

Time series models are designed to capture characteristics that are commonly associated 

with the changes of variance over time. 

Numerous empirical studies have investigated weather effect on the stock and stock 

indices returns. Many studies have applied time series models such as the 

Autoregressive Moving Average (ARMA and ARIMA), Autoregressive Conditional 

Heteroskedasticity (ARCH, GARCH), and other models (Streeter & Tomek, 1992; 

Najand & Yung, 1991). Susmel and Thompson (1997) applied switching to an ARCH 

(AWARCH) model to examine the effect of storage and regulatory change on volatility 

for natural gas futures.  

The modified model outperforms the standard GARCH by explicitly accounting for 

changes in markets. Periodic GARCH (P-GARCH) is the modified GARCH with time-

varying coefficients introduced by Bollerslev and Ghysels (1996). The P-GARCH could 

be applied to model seasonal volatility by defining the periodic cycle. This model is an 

extension of models applied by Najand and Yung (1991), Foster (1995), and Susmel 

and Thonson (1991).  

The wide range of weather indicators and GJR-GARCH and ARIMA models were used 

to investigate weather-related moods and feelings on investors’ stock market investment 

behaviour. For example, Chang, Niel, Yang, and Yang (2005) provided empirical 

evidence of equity returns for the Taiwan Stock Exchange. They employed a recently 

developed econometric technique of the threshold model with the GJR–GARCH 

process on error terms. Worthington (2006), who applied a non-parametric correlation 

analysis and autoregressive moving average (ARMA) model, pointed out that empirical 

work of this type, is often complicated by the strong seasonality of both equity markets 

and weather conditions. He concluded that all weather indicators are highly and 

significantly correlated.  
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Generalised Autoregressive Conditional Heteroskedasticity (GARCH) models are time 

series models that incorporate past variances to explain or predict future variances, and 

they consider some important characteristics of the financial time series approach such 

as excess kurtosis, leverage effects, and volatility clustering. Weather sensitive sectors, 

with supply and demand uncertainty and various horizon changes through time, are 

particularly well suited for GARCH models as well.  

Moreover, GARCH models allow the concentration of the variables of most interest and 

can exclude related variables that are unobservable (i.e., risk preference), especially for 

the daily or weekly data (i.e., profit), and do not require the specification of an 

appropriate asset pricing model. Also, GARCH modelling is more appropriate than 

ARCH because it averts over-fitting and more effective than ARMA models for 

addressing conditional variance. 

Since weather-related variables have been adjusted and “cleaned” for trends and 

seasonality, GARCH models are more appropriate than the Markov switching models, 

which maintain the assumption that time-series data may reflect periodic and seasonal 

changes and account for such changes through regime switching. 

 

5.3.1.1 Vector Autoregression (VAR) 

This study employs the Vector Autoregression (VAR) to capture the evolution and 

interdependence between multiple time series. A VAR requires minimum theoretical 

demand on the model’s structure and requires only the variables and the largest number 

of lags to capture most of the variables’ effects on each other.  

For example, if the vector autoregression model would apply with three dependent 

variables y1,t , y2,t  and y3,t where t = 1, ..., T, the development of the series should be 

explained by the common effects of these variables. That means, the explanatory 

variables in the simplest model are Y1,t-1 Y2,t-1. and Y3,t-1. The VAR (1) with lagged 

values for every variable is determined: 
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Y1,t =  α11Y1,t − 1 + α 12Y2,t-1 + α 13Y3,t-1 + ε1,t                    (5.1) 

Y2,t =  α21Y1,t − 1 + α 22Y2,t-1 + α 23Y3,t-1 + ε2,t          (5.2) 

Y3,t =  α31Y1,t − 1 + α 32Y2,t-1 + α 33Y3,t-1 + ε3,t                                                           (5.3) 

Where for example matrix: 

 

Yt = A1 yt − 1 + εt                                                                                                            (5.4)                 

333231

232221

131211

1A                                                                                                               

In general the VAR model can be represented as follows:  

Yt = A1 yt − 1 + A2 yt − 2 + …+ Ap yt − p + εt                                                            (5.5) 

Where Ap is a k x k matrix (p = 1, … n),  εt is a k x 1 vector of error term. 

For T observations the lag length p should be chosen in a way that the reduction of the 

squared residuals after augmenting lag p+1, is smaller than the according boost in the 

penalty term, where squared residuals is 
T

ˆ'ˆ
ln  

The appropriate VAR order is based on various selection criteria such as: 

1. Akaike Information Criteria 
T

P
ATC

2
                                                        (5.6) 

2. Schwarz Information Criteria
T

Tp
SIC

)ln(
                  (5.7) 

3. Hannan – Quinn Information 
T

Tcp
HQ

)ln(2
 with constant c > 1              (5.8) 

4. Log Likelihood – Ratio Test (LR) was applied to specify the lag length. The LR 

Test is defined as 
)(

)(

r

r

L

BL
                               (5.9)    
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where r stands for restricted and ur stands for unrestricted model. Hence, it is 

tested whether it is possible to restrict all p+1 lags to zero. Additional lags 

cannot increase the power of estimation if λ is close to one, but can if λ is close 

to zero. 

The VAR model is useful for this study, as this model does not require the restrictions 

of a more tightly structured model, suggested by economic theory (Burbidge & 

Harrison, 1984). The results obtained by using this method are, in many situations, 

better than those obtained from the most complex simultaneous equation models. 

Therefore, as in all VAR processes, each variable may be expressed as a linear 

combination of their lagged values and of the lagged values of all other variables in the 

group. Thus, VAR lets the data determine the dynamic structure of a model. The 

generalized impulse response function and error variance decomposition examine the 

dynamic response of the capital market to changes in the weather-related variables.  

Impulse Response 

The dynamic adjustment of reciprocal dependency is immediately not considerable. The 

impulse response test shows the effects of an exogenous shock on the whole process 

over time and can detect the dynamic relationships over time. For a two dimensional 

VAR (1) - Model: 

Initially, t = 1 is assumed to be a shock in the error term ε1, 1 of the first equation (5.1). 

This shock has a direct effect on y1,1 of exactly the same amount, whereas y2,1 is not 

effected, assuming that ε2,t = 0 with t = 1, ... T. 

In the second period (t = 2), the original shock should still have an effect over the 

lagged value of y1,1. The effect on y1,2  is α11ε1,1 and the effect on y 2,2 is α21ε1,1. In the 

third period the effect on y1,3 is not only α11 (α11 ε1,1), but also α12 (α12 ε1,1) and 

summarise the result as: 

ktKCY1
                                                                                                            (5.10)  

where Ck are the weight of past shocks. 
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Variance Decompositions 

A variance decompositions sequences allow to overview of the dynamic structures and 

information about the forecast ability. Since the error terms are associated with 

uncertainty, even a perfect model involves ambiguity about the realisation of Yi,t. The 

usefulness of the decomposition is to reduce the uncertainty in one equation to the 

variance of error terms in all equations. 

A two-dimensional VAR model (Moving average representation): 

Y1,t = c11 ε1,t + c 12 ε2t  + c 13 ε1t-1 …                   (5.11)
 

Y2,t = c21 ε1,t + c 22 ε2,t  + c 23 ε1t-1 …                         (5.12) 

As the development of the lagged error terms is already known, error term exists only 

for uncertainty about the present error terms ε1,t and ε2,t. The variance decomposition of 

the orders should indicate that the own variance dominates the variance of returns even 

in the long run. 

 

5.3.1.2 ARCH and GARCH Models 

ARCH is autoregressive, conditional, and heteroskedastical. The ARCH model, 

introduced by Engle (1982), has been widely used in modeling financial time series.  

The term “conditional” implies explicit dependence on a past sequence of observations. 

The model suggests that the variance of the residuals at time t depends on the squared 

error term from past periods. A methodology to test for the lag length of ARCH errors 

using the Lagrange multiplier test was introduced by Engel (1982). This procedure 

includes estimation of the best fitting AR (q) model and obtaining the squares of the 

error to regress those on a constant and q lagged.    

tqtqtt eyyy ...110
       (5.13) 

2

1

0

22

110

2

bt

q

b

bqtqtt eeee      (5.14) 

 where -q is the length of ARCH lags, et is the error term.
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Weather sensitive markets with supply and demand uncertainty and various horizon 

changes over time are particularly well suited for ARCH and GARCH. In addition, 

these models are consistent with various forms of the Efficient Market theory, which 

assumes that asset returns observed in the past cannot be used to improve forecasts. 

Moreover, the ARCH and GARCH models allow researchers to concentrate on 

variables of interest without additional, often unavailable variables, especially for daily 

or weekly data (i.e., profit), or unobservable variables (i.e., risk preference); nor do 

ARCH and GARCH models require one to specify an appropriate asset pricing model. 

GARCH offers a more parsimonious model (i.e., requires fewer parameters), which 

lessens the computation burden. The GARCH (p, q) model (where p is the order of the 

GARCH terms, q is the order of the ARCH terms, and e is an error term) will 

simultaneously examine the mean and the variance of series according to the following 

specification: 
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where k is constant, Ab e²t − 1 is ARCH effect and Gj σ²t - 1 is GARCH effect. 

GARCH generalizes the purely autoregressive ARCH model to an autoregressive 

moving average model. The weights on past squared residuals are assumed to decline 

geometrically at a rate estimated from the data. GARCH is explicitly designed to model 

time-varying conditional variances. However, GARCH could fail to capture highly 

irregular phenomena (e.g., extreme market fluctuations). Several studies have adopted 

the Markov switching model to capture the market, business, other cycles or seasonality 

and forecast market conditions (Krolzing, 2006; Krolzing et al., 2002; Krolzing & Tor, 

2000; Gramger & Silvapulle, 2002).  
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5.3.1.3  Markov Switching-Vector Autoregressive  

To measure the extent of the capital market’s response to weather changes, a Markov 

Switching–Vector Autoregressive approach is applied. The MS-VAR model can 

provide useful descriptions of economic and climate series by decomposing the 

observed series at different time points into level, growth, seasonal, and irregular 

components. All analyses are performed within the context of a VAR, which involves a 

multivariate and simultaneous system of equations, which in turn, will reflect a change 

in regimes. 

The Markov system (or Markov process or chain) exists in one of several states, and can 

pass from one state to another, with each step based on probabilities. The MS-VAR 

approach has the advantage of not only avoiding splitting the sample period under study 

into sub-periods, but also the variability and structural change of the link between 

returns, and weather change over time is endogenously considered in the model.  

The original Markov switching model focuses on the mean behaviour of variables. This 

model and its variations have been widely applied to analyse financial time series 

(Hamilton, 1988, 1989, 1996; Engel, 1996; Engel & Hamilton, 1990; Lam, 1990; 

Garcia & Perron, 1996; Goodwin, 1993; Sola & Driffill, 1994; Diebold & Rudebusch, 

1996; Filardo, 1994; Ghysels, 1994; Shaller & van Norden, 1997; Kim & Nelson, 1999; 

Hsu & Kuan, 2001). Raymond and Rich (1997) used the fixed- and time-varying 

Markov models to examine the effect of oil prices on the U.S. economy. 

Regime-switching models have been employed in modeling heteroskedasticity in stock 

market returns. These nonlinear models used to capture regime-shifts that make them a 

natural alternative to the ARCH and GARCH models proposed by Engel (1982) and 

Bollerslev (1986). Krolzing, Marcello and Mizon (2002) and Clements and Krolzing 

(2002) develop vector autoregressive models. Kim, Piger and Startz (2003) used the 

Markov switching approach to model equity returns and stock market volatility, and 

Ang and Bekaert (2002) applied a regime-switching model to asset allocation.  

This study uses the MS-VAR developed by Krolzing (1998), an application that runs on 

Ox, which provides transition probabilities and regime-dependent coefficients together 

with an impulse-response analysis. The advantage of the Markov Switching 
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Autoregressive model (MS-VAR) is that it does not require prior specifications or 

regime dating. In the MS-VAR, all VAR parameters are based on state St of the Markov 

chain. The model is presented as follows: 

yt =  v (st) + A1 (st) yt − 1 + A2 (st) yt − 2 + … + A p (st) yt − p + εt                (5.17) 

v (st) = vm, An (st) = An,m; ∑ (st) = ∑m    for st =  m         (5.18) 

where v is the vector of intercepts,
1, , pA A are the matrices containing the 

autoregressive parameters and t  is a white noise vector process. yt = (y1,t, … y n,t) is 

an n dimensional time series vectors; yt-1 … yt-p  denotes the history of yt and 

exogenous variables; m is the number of regimes and p is the number of lags, 

observed time and discrete-state stochastic processes of a hidden Markov chain; 

st is the value of the state variable, which controls the switching mechanism 

between various states. 

yt    =        v1 + B11 yt − 1  + …  + Bp 1 y1− p  +  A1 εt                                     (5.19)                                    

 : : : 

             vm  + B1m  yt−1   + …  + Bp m y1−p   + Am εt                                                           

      

where yt = (y1,t, … y n,t) is an p dimensional time series vector 

Hamilton also provided an algorithm for estimating the probability of a recession at 

each time period based on the maximum likelihood approach. As pointed out by 

Hamilton (1994), one can write the likelihood function of yt, depending only on the state 

variable at time t, even though in the model a p-order autoregression is present. This 

procedure can be done using the extended state variable St* = (Dt; St; St-1; St-p), which 

comprehends all possible combinations of the states of the economy in the last p 

periods, where D is duration. 

This study allows the model to determine a number of regimes (combinations of states 

of the returns) in the last p period. The MS-VAR model’s four regimes test the 

relationship of weather and oil and gas industry over Australia’s four seasons, and in 

this way, this model detects extremes in the weather and other irregular events, cycles, 

and trends.  
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5.3.2 Granger Causality Test 
5.3.2.1 Co-integration Approach and F-test 

One way to address causality was proposed by Granger (1969) and popularised by Sims 

(1972). Testing causality, in the Granger sense, involves using co-integrated one -way 

approach and F-tests to test whether lagged information on a variable Y provides any 

statistically significant information about a variable X in the presence of lagged X: 
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In context of this research, Y is return and X are weather variables.  
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where Rt are the returns of the S&P ASX 200 Australian Index and Xt are 

weather-related variables, j is the number of restrictions to the test, n is number 

of lag and εt is uncorrelated error term. 

If the null hypothesis is rejected and the series are stationary (or have been made 

stationary), we assume that the series is integrated on order 1. The degree of co-

integration will use as a lag coefficient in causality tests. 

The Granger Causality test is based on F statistics, which (Wald, 1994) proved: 
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Where, εε indicates the sum of squared residuals, ur indicates the model that is 

unrestricted, while r indicates the model that is restricted, if the computed F value 

exceeds the critical F value at the chosen level of significance (α) with (n; m-2n) 

degrees of freedom. 
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5.3.3 Test for the Time Series Data 

5.3.3.1 Augmented Dickey-Fuller and Phillips-Perron Tests in Time Series Models 

Augmented Dickey-Fuller Unit Root test is applied to test the time-series stationary and 

co-integrated data. The augmented Dickey-Fuller Unit Root Test and regression model 

are described below (Gujarati, 1995):  

ttt eRR 1
                                           (5.23) 

Where, Rt represents the index’s return in time t, Rt-1 represents index’s return in time   

t-1 while et indicates the stochastic error term. This model also is applied to weather 

variables. In this model, ρ = 1 indicates that the stochastic variable Rt has a unit root, so 

the series is known as a random walk. 

The Phillips – Perron test (PP) is also a unit root test and is used in time series to test 

hypothesis that a time series is integrated of order 1.  While the augment Dickey –Fuller 

test addresses this issue by introducing lag of Rt, the PP tests a non-parametric 

correction to the t-test statistics. 

 

5.3.3.2 Jarque-Bera Statistics 

The Jarque-Bera is a two-sided goodness-of-fit test suitable for use when a fully-

specified null distribution is unknown and its parameters must be estimated. The test 

statistic is 
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 where n is the sample size, s is the sample skew, and k is the sample kurtosis. 

If the p-value is below the default significance of 5 percent, and the test rejects the null 

hypothesis, then the distribution is normal. 
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5.3.3.3 Multicollinearity 

The condition number (κ) is the condition index with the largest value which equals the 

square root of the largest eigenvalue (λmax) divided by the smallest eigenvalue (λmin), for 

example, 

 minmaxk                                                                                                 (5.25) 

When there is no collinearity at all, the eigenvalues, condition indices and condition 

number will all equal one. As collinearity increases, eigenvalues will be both greater 

and smaller than 1 (eigenvalues close to zero indicate a multicollinearity problem), and 

the condition indices and the condition number will increase. An informal rule of thumb 

is that if the condition number is 15 - 20, multicollinearity is a concern; if it is greater 

than 30, multicollinearity is a serious concern (Belsley, 1980).  

A formal detection-tolerance or the variance inflation factor (VIF) for multicollinearity 

is: 

Tolerance  = 1- R
2 

and
 
VIF = 1/Tolerance                                                               (5.26) 

Where a tolerance is less than 0.20 or 0.10 and/or a VIF of 5 or 10 or above indicates   

multicollinearity problems. 

 

5.3.5 Trends and Seasonal Adjustments 

Financial data must cope with a number of effects, including seasonal, calendar, open-

and-close-of-market, and weekend effects. For example, an average return is 

significantly negative on Monday and significantly positive on Friday; however, the 

lowest mean returns for Australian stocks returns usually occur on Tuesday. Thus, in 

this study, Wednesday (weekly) data are used to avoid these effects. All weekends and 

holidays are deleted from daily data to nullify all weekend and calendar effects.  

The return formula, R t = 100* ln (Pt /Pt -1), where Pt is the share price at the end of day t, 

was applied to remove open-and-close-of-market effects.   
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Time series analysis and dummy variables for removing seasonal patterns and trends 

are used to detect any unusual events and weather extremes. Four kinds of variations 

are involved in weather time series: 

1. Trends  

2. Cyclical variations  

3. Seasonal variations  

4. Irregular variations 

The steady increase in share prices and carbon emissions is an example of the trend. 

Cyclical fluctuations in the weather are associated with wet or dry periods lasting from 

10 to 30 years. Seasonal variations involve patterns of change within 1 year and tend to 

repeat year to year. Irregular variations are extremely unpredictable and occur 

randomly. In this study, the cyclical and irregular variations in weather-related data 

represent “extremes in weather” or “climate change.”  

 

5.4 Empirical Models  

To examine the value relevance of weather and climate change, the following empirical 

models are developed: 

Ri,t  =  αi,t  + βi,1 X1,t, + βi,2 X2,t  + … + βi,7 X7,t  +  ei,t                                                  (5.27)  

a) where Ri,t are the i stock returns at time t; i  = 1, 2, 3, 4 (1= AOGI, 2 = Caltex , 3 

= S&P/ASX200, 4 = All Ordinaries); α  is a constant, and X = 1, 2, 3, 4, 5, 6, 7;  

X  are the weather variables ( X1 is Temperature, X2 is Pressure, X3 is Humidity, 

X4 is Quality of air temperature, X5 is Wet bulb temperature, X6 is Quality of 

wet bulb temperature, and X7 is Vapour pressure); e  is an error term;  

b) Ri,t are the stock returns at time t; i = 1, 2 (1 = AOGI, 2 = Caltex); α is a constant  

and e  is an error term;  X = 1, 2; X are the weather variables: X1 is Temperature, 

and X2 is Pressure, and where: βi,3  = βi,4 = βi,5 = βi,6 = βi,7  = 0
18

.   

 

 

                                                           
18

 Variables X3 , X4 , X5 , X6 , X7  are not included 
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To examine the value relevance of climate change, dummy variables are used to remove 

seasonal patterns and trends and to detect unusual events and weather extremes.  To 

apply the models, this study used the following procedures:  

 “Clean” linear trends and seasonal patterns in weather-related and carbon 

emission variables,  

 Dummy variables were calculated for each period (days, weeks, months), 

 The weather variables Xt  were regressed on dummy variables and residuals εt  

were used as independent variables t in (1) model, and 

  Time-series and multi-regression techniques were applied to estimate 

empirical models. 

Thus, the strategy that we used in this study was to regress the independent variables on 

dummy variables Dm,t  thus, the following model was applied:  

Xn,t  = δt + q1D1,t + q2D2,t + … + qmDm,t + εn,t                                                           (5.28) 

where Xn,t  are weather variables ( n = 1, 2, 3, 4, 5, 6, 7),  δt is the trend, Dm,t are 

the daily, weekly or monthly ‘dummy’ variables, m is the number of days, weeks 

or months. 

Finally, the residuals εn,t from equation (5.2.8) are used as independent variables n,t in 

equation (5.2.7) for climate change variables: 

ε1,t = 1,t ;    ε2,t = 2,t ;    ε3,t = 3,t ;    ε4,t = 4,t ;    ε5,t = 5,t ;    ε6,t = 6,t ;    ε7,t = 7,t ; 

Thus, the residuals from equation (5.2.8) became the explanatory variables in equation 

(5.2.7 a) as the following: 

Ri,t  =  αi,t  + βi,1 1t, + βi,2 2,t + … + βi,7 7,t  +  ei,t                                                      (5.29)  

where Ri,t is the i stock returns at time t; i  = 1, 2, 3, 4 (1= AOGI, 2 = Caltex , 3 

= S&P/ASX200, 4 = All Ordinaries); α  is constant and e  is an error term, = 1, 

2, 3, 4, 5, 6, 7;  are the climate change (weather-extremes) variables ( 1 is 

Temperature, 2 is Pressure, 3 is Humidity, 4 is Quality of air temperature, 5 

is Wet bulb temperature, 6 is Quality of wet bulb temperature, and 7 Vapour 

pressure). 



134 

 

Carbon dioxide (de-trended and de-seasonalised) are included to investigate the value 

relevance of climate change and greenhouse gas emissions: 

Ri,t  =  αi,t  + βi,1 1,t, + ... + βi,8 8, t +  ei,t                                       (5.30)  

a) Ri,t is the stock returns at time t; i = 1, 2 (1 = AOGI, 2 = Caltex); α is constant e  

is an error term;   = 1, 2, 3;  are the  climate variables: 1 is Temperature, 2 

is Pressure, and 3 is Humidity (temperature is a proxy for global warming, 

atmospheric pressure that signals shifts in the weather is a proxy for climate 

change and humidity is forecasting weather characteristic), where:                   

βi,4 = βi = βi,6 = βi,7 = 0;   

b) Ri,t is the stock returns at time t; i = 1, 2 (1 = AOGI, 2 = Caltex); α is constant 

and e  is an error term; 8,t is CO2 emissions variable and where:                      

βi,1 = βi,2 = βi,3 = βi,4 = βi,5 = βi,6 = βi,7 = 0
19

. 

c) Ri,t is the stock returns at time t; i = 1, 2 (1 = AOGI, 2 = Caltex); α is constant 

and e is an error term, X = 1, 2, 3, 8; are climate change variables: 1 is 

Temperature, 2 is Pressure, 3 is Humidity and   8 is CO2 emissions variables 

(de-trended and de-seasonalized) and where: βi,4  = βi,5  = βi,6  = βi,7  = 0. 

Factors related to size of firm, book-to-market value, earnings/price and other factors 

can influence results and must be controlled for. Thus, control variables were added to 

empirical model (5.30) with climate change variables (temperature, pressure, humidity, 

CO2), specified as Return-Association models: 

1. Australian Refining company Caltex                                

Ri,t  = αi,t + βi,1 1,t  + … + βi,8 8,t + …+ βi,18 18,t  + …+  βi,22X22,t  + ei,t                     (5.31)                     

Ri,t are the stock returns at time t, i = 2 (2 = Caltex); α  is a constant and e  is an 

error term, = 1, 2, 3, 8 and X = 18, 19, 20, 21, 22;  are the climate change 

and carbon dioxide emissions variables: 1 is Temperature, 2 is Pressure, 3 

is Humidity and 8 is CO2 emissions variables; industry specific earning 

variables: X18 is Singapore gasoline spot price, X19 is gasoline future contract 

price, X20 is Singapore fuel oil spot price; economics variables such as: X21 

interest rate and X22 is foreign exchange rates and where:                                

βi,4 = βi,5= βi,6 = βi,7 = βi,9 = βi,10 = βi,11 = βi,12 = βi,13 = βi,14 = βi,15 = βi,1 6 = βi,17 = 0  

 

                                                           
19

 Variables 1,t  , 2,t , 3,t ,  4,t , 5,t ,   6,t ,  7,t  are not included  
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2. Australian Oil and Gas Index (AOGI) 

a. Australian oil and gas companies located in Australia: 

Ri,t = αi,t + β i,11,t +… + βi,8 8,t + …+ βi,16 16,t + βi,17X17,t +…+ βi,22X22,t + ei,t         (5.32) 

Ri,t  are the stock returns at time t, i =1 (1 = AOGI); α  is a constant and e  is an 

error term,   are the climate change and carbon dioxide emissions variables: 1 

is Temperature, 2 is Pressure, 3 is Humidity,  8 is CO2 emissions and  X are 

industry specific and earning variables: X16 is Australian crude oil spot price, 

X17 is Singapore’s gas-oil spot price and economics variables: X21 interest rate 

and X22  is foreign exchange rates and where:     

βi,4= βi,5= βi,6= βi,7= βi,9= βi,10= βi,11= βi,12= βi,13= βi,14= βi,15= βi,18= βi,19= βi,20 = 0 

 

b. Australian oil and gas companies operated around the world: 

Ri,t  = αi,t + βi,1 1,t   + … +  βi,10 10,t  + βi,12X12,t + … + βi,22X22,t  + ei,                                    (5.33) 

Ri,t are the stock returns at time t, i =1 (1 = AOGI); α  is a constant and e  is an 

error term,  = 1, 2, 3, 4, 8, 9, 10 and X = 12, 13, 14, 15, 21, 22;  are the 

climate change variables: 9 and 10 are  global carbon dioxide and global 

temperature;  industry specific and earning variables: X12 is world crude oil spot 

price, X13 is natural world gas spot price, X14 is crude oil future contract price, 

X15 is natural gas future contract price; where: βi,4 = βi,5 = βi,6 = βi,7 = βi,11 = βi,16 

= βi,17 = βi,18 = βi,19 = βi,20 = 0 

Also, Fama and French’s Three-Factors added to equation (5.30) with global climate 

change and global carbon dioxide variables and presented as the following: 

Ri,t  = αi,t + βi,1 1,t  + … + βi,10 10,t  + … + βi,23X23,t  + … + βi,25X25,t  + ei,t                (5.34) 

 Ri,t are the stock returns, i = 1 (1 = AOGI); α is a constant and e  is an error term,  X = 

1, 2, 3, 8, 9, 10; X are the climate change variables 1 is Temperature, 2 is 

Pressure, 8 is Australia CO2, 11 is global temperature anomalies,  9 is global 

carbon dioxide from fuel; Fama and French factors such as size (Sales) is X23, 

book-to-market ratio is X24, Earnings/Price ratio is X25 and where: βi,4 = βi,5 = βi,6 

= βi,7 = βi,11 = βi,12 = βi,13 = βi,14 = βi,15 = βi,16 = βi,17 = βi,1 8 = βi,19 = βi,20 = βi,21 = βi,22 = 0.      

Also, Fama and French’s Three-Factor model extended by contrarian effect and X26 

added to equation (5.34) with climate change variables X = 1, 2, 3, 8, 9, 11 to form the 

Fama and French – Behavioural – Climate Change model that is presented as follows: 

Ri,t  = αi,t + βi,1 1,t  + … + βi,11 11,t  + … + βi,23X23,t  + …+ βi,26X26,t  +  ei,t               (5.35) 
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In order to examine the value relevance and effects of weather-related variables, the 

following sets of equations simultaneously examine the mean and the variance of series 

in models ARCH and GARCH with EViews software: 

1. Ri,t  =  αi,t  + βi,1X1,t  + βi,2X2,t  + ei,t                                              (5.36)       
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where α and k are constants, X1 is temperature and X2 is pressure, e is an error term,       

Ab e²t – b is ARCH effect and Gj σ²t – j is GARCH effect. 

To examine the value relevance of weather change in context of this study, the 

following sets of equations examine the mean and the variance which are subjects 

between states of Markov switching –Vector Autoregressive process with OX program: 

1. Ri,t = αi,t  + βi,1X1,t  + βi,2X2,t  + ei,t                  (5.37) 

2. Ri,t  =  vi (st)+ A1 (st) yt − 1 + A2 (st) yt − 2 + … Ap (st) yt − p  + εt     

3. vi (st ) = vm; Ap (st ) = Ap,m; ∑ (st ) = ∑m   for st =  m  

where α is constants, X1,t  is temperature and X2,t is pressure, et is error term, v is vector  

of intercepts, Ap matrixes, St is value of state variables, m is number of regimes, p is a 

number of lags and yt –p are explanatory variables. 

To examine the value relevance of climate change in context of this study, the following 

sets of equations examine the mean and variance in model GARCH (1.1) with 

MATLAB program: 

1. Ri,t   = αi,t + βi,1Xt  + …+ βi,nXn,t  + ei,t                                                           (5.38)        

2. σ²i,t  = κi,t  + θi,1 e²i,t-1  + θi,2 σ²i,t-1        

3. X n,t =  δt  + q1D1,t  + q2D2,t +…+ qmDm,t + εn,t  

4.  εn,t  =  n,t   

5. Ri,t   = αi,t  + βi,1 1,t + … + βi,n n,t  + ei,t  

 

where Ri,t is i returns at time t, α and k are constants, Xn,t  are weather variables, et is an 

error term, e²t-1 is ARCH (1) effect and σ²t-1 is GARCH (1) effect, Dm,t are dummy 

variables, the residuals εn,t from equation (3) were used as independent variables n,t  in 

equation (4).     
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5.5      Summary and Conclusion 

This study selects the Australian Oil and Gas Index as a proxy for the Australian oil and 

gas industry, including petroleum-refining company Caltex Limited. Caltex is the only 

Australian oil refining and marketing company listed on the Australian Stock Exchange. 

This research also uses the All Ordinaries Index and S&P/ASX 200 Index as the proxy 

for the Australian capital market.  

The daily, weekly, monthly, and quarterly data are collected from the Australian Bureau 

of Meteorology, Australian Cape Grim Cape Baseline Air Pollution Station, and the 

U.S. Meteorological station in Hawaii. The oil and gas prices and derivatives data are 

collected from the U.S. Energy Information Administration’s Official Energy Statistics 

database. Estimated annual temperature anomalies data are collected from the Climatic 

Research Unit of the University of East Anglia’s Meteorological School of 

Environmental Science, in the U.K. The economics’ variables, such as AUD/USA 

foreign exchange rates and interest rates, are obtained from the Reserve Bank of 

Australia.   

In this study, the cyclical and irregular variations in weather-related data represent 

“extremes in weather” or “climate change.” Four kinds of variations are involved in 

weather time series data: 1) trends; 2) seasonal variations; 3) cyclical variations; 4) 

irregular variations. In this study, the cyclical and irregular variations in weather-related 

data represent “extremes in weather” or “climate change.”  

The empirical models are structured following a stepwise process, starting with the 

simplest Climate Change model and then adding new control variables from the Fama 

and French, Behavioural and Return-Earnings Association models, to assess the impact 

of environmental factors on the market value of the oil and gas industry. The long-term 

relationship between weather, climate, oil and gas companies, and the reactions of the 

capital market are modeled as time series processes.  

To examine the direct influence of weather on the Australian stock equity returns, the 

Granger causality test is selected. EViews software and set of equations (5.36) are used 

to examine the value relevance of weather and variance of the time series in ARCH and 
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GARCH models. To examine the value relevance of climate change and CO2 the set 

equations (5.37) and Markov switching-Vector Autoregressive models are applied with 

OX program. The sets of equations (5.38) and GARCH (1,1) and AR (1) GARCH (1,1) 

combined with the Econometrics Toolbox™ software and MATLAB® allow one to 

investigate the value relevance of climate change in the context of the Australian oil and 

gas industry. This study also used multi-regression techniques and equations (5.31), 

(5.32) and (5.33) to investigate the effects of climate change variables in return-

association and  (5.34) and (5.35) in financial models.  

Next, Chapter 6 presents the research design and all subsequent steps for the empirical 

analyses. This chapter develops hypotheses, presents empirical models, and selects 

methodology and statistical tests to answer research questions. 
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Chapter 6 

Hypotheses Development and Research Design 

6.1 Introduction  

Chapter 6 presents measurement processes that link the theories and the hypotheses. 

This chapter connects the data to the research design, which provides precise 

quantitative information to achieve the objectives of this study, and answer research 

question. The chapter focuses on all subsequent steps to empirically answer the research 

questions and presents the research design for the empirical analyses. This chapter also 

generates a set of specific objectives, questions and propositions, which are 

subsequently transformed into specific statistical hypotheses.  

Consequently, this chapter specifies empirical models, methodology, data, and 

subsequent statistical tests to test these hypotheses. The chapter develops hypotheses 

based on the theoretical framework and depicted Figure 4.3, the theories of stock price 

behaviour and capital market efficiency. The data, empirical models, and research 

methods that best meet the objectives and hypotheses testing are largely guided by the 

reviewed literature and selected data and methodologies described in chapter 5. 

 

6.2 Purpose  

This study’s overall aim is to examine the reinforcing relationship between Australia’s 

oil and gas industry and climate change, and the consequent effect of this relationship 

on the market value of the Australian oil and gas industry. Since this industry is 

significantly impacted by weather/climate and also significantly contributes to climate 

change, the behaviour of the capital market could have an enormous impact on the 

market value of Australia’s oil and gas companies.  

The key research question transformed into the testable statistical hypotheses is:  
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To what extent do the capital markets incorporate weather, climate change, 

and greenhouse gas emissions information in the stock valuation processes of 

Australian firms in the oil and gas industry? 

Moreover, among growing international efforts to reduce greenhouse gases emissions, 

to avert environmental degradation and catastrophe, oil and gas firm shareholders could 

see declines in their investments (Dumas, 2006). Oil and gas firms are subject to a 

greater degree of environmental and climate-change risks and to significant variances in 

future earnings and returns on the investment due to this risk (Roberto & Austin, 2000). 

Nevertheless, this study assumes that investors are interested in environmental aspects 

of their investment and concerned about change in climate. Thus, four propositions are 

proposed: 

Main Proposition 1: The weather and climate influence Australian stock market. 

Main Proposition 2: A significant relationship exists between weather and the market 

value of Australian oil and gas companies. 

Main Proposition 3: A significant relationship exists between climate change, GHG 

emissions, and the market value of the oil and gas industry. 

Main Proposition 4: The significant positive relationship exists between GHG 

emissions and share prices changed to a significant negative 

relationship after the 1992 UN Framework Convention on 

Climate Change and 1997 Kyoto Protocol policies were 

introduced. 

This research aims to determine the current level of use of weather-related, climate 

change, and CO2 information in the capital market’s financial assessments of oil and gas 

industry stocks in the Australian context. The information is deemed relevant if it has a 

significant association with security market value (Ohlson, 1995; Beaver, 1998; Barth, 

2000). The research proposes empirically determine the value relevance of weather, 

climate and greenhouse gas emissions in the context of the Australian oil and gas 

industry and therefore must empirically determine the value relevance of: 
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1. Weather and climate in the context of the Australian stock market,  

2. Weather in the context of the Australian oil and gas industry, 

3. Climate change and GHG emissions in the context of the Australian oil and gas 

industry, 

4. Climate change and GHG emissions following the 1992 UN FCCC and the 1997 

Kyoto Protocol, and 

5. Climate change and GHG emissions following the 1997 Kyoto Protocol and the 

relevance of environmental variables in financial models. 

To achieve the purpose of this research, the following section develops and generates a 

detailed set of objectives, questions, and propositions that are subsequently converted 

into specific testable statistical hypotheses with specific empirical models, 

methodology, data, and subsequent statistical tests. 

 

6.3 Objectives, Hypotheses and Research Design 

6.3.1 The Value Relevance of Weather and Climate: The Australian 

Stock Market 

The Efficient Market Hypothesis (EMH) assumes that individuals act rationally and 

consider all available information in the decision-making process (Fama & French, 

1996). However, many studies have documented examples of irrational behaviour in 

finance (e.g., Tufan & Hamarat, 2004, 2006; Borghesi, 2007; Forgas et al., 2008). Two 

scenarios dominate: the capital markets could respond to news about weather-related 

conditions by incorporating this information in the stock valuations. Alternatively, stock 

prices could be affected by the mental or physical changes in investors caused by 

weather conditions as discussed in Sections 3.2 and 3.4. How might climate change 

actually impact stock prices? On one hand, the capital markets could respond to new 

climate change information. On the other hand, stock prices could be affected by 

emotional or physical changes caused by climate conditions.  

This research assumes that investors are rational and that climate change information is 

relevant to them in making well-informed investment decisions. Also, the study expects 

a significant relationship between climate change and the market value of the weather-
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sensitive oil and gas industry (including refining companies), but expects a less 

significant relationship between climate change and market value of companies 

representing the overall Australian economy. Weather has always played an important 

role in the economy ― every sector of the economy has a degree of weather sensitivity. 

Moreover, if stock prices are affected by emotional or physical changes in investors 

caused by changing climate conditions, then all stocks prices should experience the 

same impact reflecting a significant relationship between climate change conditions and 

the market value of the weather-sensitive oil and gas industry along with the entire 

Australian market. 

The first specific objective of the study: 

Investigate the impact of weather and climate change on Australian stock market. 

To achieve the first objective the following specific research questions are tested: 

1. Do weather conditions affect stock prices?  

2. Does climate change, with its weather-extreme events, affect stock prices?   

3. How does weather and climate change actually impact stock prices? 

Therefore, this study proposes:  

Proposition 1.1 Weather conditions influence Australian stock market. 

Proposition 1.2 In an active efficient market, a large number of rational investors 

react to climate change, and share prices reflect new climate 

change information; however, share prices of the oil and gas 

sector are affected more significantly. 

To answer the questions and achieve the first objective, the following hypotheses are 

empirically tested: 

Hypothesis 1.1 Weather variables influence the S&P ASX 200 stock returns.  
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Hypothesis 1.2 A more significant negative or positive relationship exists 

between climate change and stock returns of the Australian oil 

and gas index (AOGI), and refining company Caltex, than 

between climate change and the stock returns of the S&P ASX 

200 index and All Ordinaries Index.  

Empirical Models 1.1 Model 1.1 proposes to explain the variance in the Australian 

stock return and Granger causality of weather to Australian stockl market.  

Rt   =  ∑ α i Xt-i   + ∑ βj Rt-j  + εt                                                   (6.1.1)  

where R are the returns of the S&P ASX 200 Australian Index at time t, X are 

weather-related variables and uncorrelated error term ε.  

Methodology 1.1 Time series ARCH/GARCH models and the Granger Causality test 

σ²t  =  αb, t  + α1e²b, t-1 + β1σ²b, t-1                                         (6.1.2) 

where:  σ²b, t is variance, α1 e²b, t-1 is “shock” from last period (ARCH effect)  

β1 σ²b, t-1 is the variance from last period (GARCH effect). 
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where R are returns of the S&P ASX 200 Australian index and X are weather —

related variables: X1,t and X2,t are temperature and pressure respectively, X3,t and 

X4,t are humidity and quality of air temperature X5,t and X6,t are wet bulb 

temperature and quality of wet bulb temperature, X7,t is vapour pressure, and ε1,t 

represents uncorrelated error terms. It is assumed no white noise exists between 

ε1,t  and ε2,t  (which is not given in the equation). 

Data 1.1  Daily data (years 1992-2006) 

Empirical Models 1.2  

Ri,t  = αi,t  + βi,1 1,t + βi,2 2,t + βi,3 3,t + βi,4 4,t + βi,5 5,t + βi,6 6,t + βi,7 7,t  + ei,t          (6.2.1)   

 i = 1, 2, 3, 4 

where R are the returns, i is subscript (1 = AOGI,  2 =  Caltex, 3 = 

S&P/ASX200, 4 = All Ordinaries Index); α is a constant and e is an error term.             

Climate change variables: 1 and 2 are temperature and pressure respectively, 

3 and 4 are humidity and quality of air temperature, respectively. 5 and 6 

are wet bulb temperature and quality of wet bulb temperature, and finally 7 are 

vapour pressure and e is error term. All weather-related variables in equation 

(6.2.1) are statistically adjusted to the climate change variables as follow: 

Xn,t  =  δt + q1D1,t  + q2D2,t + … + qmDm,t + εn,t      εn,t = n,t                              (6.2.2) 

where n,t  are weather variables: 1,t , 2,t , 3,t , 4,t , 5,t , 6,t , and 7,t ;  δt is 

the trend, Dm,t the weekly “dummy” variables, m the number of  weeks. This 

single variable has 52 annual dummies instead of 365 daily dummies. Residuals 

εn,t from equation (6.2.2) are used as independent variables n,t in empirical 

model (6.2.1) or following (6.2.3).  

Methodology 1.2 Time series (AR)-GARCH model 

Ri,t  = αi,t  + φi,1Ri,t-p + βi,1 1,t  + βi,2 2,t  + βi,3 3,t + βi,4 4,t + βi,5 5,t + βi,6 6,t + βi,7 7,t+ei,t           (6.2.3) 

 σ²i,t = κi,t  + θi,1σ²i, t-1  + θi,2e²i, t-1                                    i = 1, 2, 3, 4                         (6.2.4)  

where R represents returns, i is subscript (1 = AOGI, 2 = Caltex, 3 = 

S&P/ASX200, 4 = All Ordinaries Index); α and κ  are constants, 1 to 7  are 

climate change variables, σ² is variance, e²t-1 is ‘shock’ from last period (ARCH 

effect), σ²t-1 is the variance from last period (GARCH effect), φ is 

autocorrelation coefficient and p is order of autocorrelation and  e is error term.   

Data 1.2  Daily (years 1992-2006) 
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These hypotheses and research design help achieve the specific objectives and answer 

the research questions by empirically determining: 

1. The value relevance of weather and climate change in the Australian stock 

market context.  

 

6.3.2 The Value Relevance of Weather: The Australian Oil and Gas 

Industry  

The degree to which adverse weather conditions affect a firm can be expressed as the 

firm’s “weather sensitivity” (Gibbs, 2000). Weather conditions are critical to the oil, 

gas, and petroleum market as a whole (AMP, Baker & McKenzie, 2005). Research in 

the energy market has confirmed that demand and supply are highly seasonal and 

depend on weather conditions (e.g., Balzem, Fronza & Brusasca, 1981; Anderson, 1985; 

Choi & Longstaff, 1985; Al-Zayer & Al-Ibrahim, 1995; Sailor & Munoz, 1996; Gabbi 

& Znotti, 2005). This study assumes that investors are rational and that share prices of 

the weather-sensitive oil and gas sector are reflected in new weather climate change 

information. As established earlier, the oil and gas sector is a weather-sensitive and a 

key sector of any economy.  

The second specific objective of the study is to: 

Investigate the impact of weather on stock returns of the Australian oil and gas 

industry.  

To achieve this objective the following specific research questions are tested: 

4. Do the weather conditions affect the stock prices of the Australian oil and 

gas sector? 

Since demand for oil and gas depends on the weather conditions, and production and 

supply could be affected by climate change, this study proposes: 
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Proposition 2.1 In an active efficient market dominated by a large number of 

rational investors, share prices of weather-sensitive oil and gas 

companies are appropriately priced and reflect news (new 

information) on weather conditions.  

Since the Australian refining firm Caltex operates solely in Australia, but the Australian 

Oil and Gas Index (AOGI) includes large multinational companies that operate in 

Australia and around the world, this study expects: 

Hypothesis 2.1 A significant positive/negative relationship exists between 

weather variables and the stock returns of Caltex, and 

furthermore, a less significant relationship exists between 

Australia’s weather-related variables and AOGI stock returns. 

Empirical Model 2.1  The following models attempt to test the value relevance of news 

on weather/climate change for oil and gas companies in the AOGI:  

Returns = F (pressure, temperature) 

Ri,t = αi,t  + βi,1X1,t + βi,2X2,t, + ei,t                 i = 1, 2              (6.3.1) 

where the R is a function of pressure and temperature; temperature is a proxy for 

global warming, and atmospheric pressure that signals shifts in the weather is a 

proxy for climate change. R represents returns at time t, i is subscript (1 = 

AOGI, 2 = Caltex), α is constant, X1 and X2 are temperature and pressure 

respectively, and e is error term.  

Methodology 2.1      VAR, ARCH, GARCH (EView software) and Markov Switching 

VAR Models (Ox program) 

VAR 

         Yt  =   A1Yt - 1   + A2Yt-2  +…+ ApYt− p + εt                                                (6.3.2) 

Ri,t  = Y1,t =  α11Y1,t −1 + α 12Y2,t-1 + α13Y3,t− 1 + ε1,t                                           (6.3.3) 

X1 =  Y2,t =  α21Y1,t −1 + α 22Y2,t-1 + α23Y3,t −1 + ε2,t                (6.3.4) 

X 2 =  Y3,t =  α31Y1,t −1 + α 32Y2,t-n + α33Y3,t−1+ ε3,t                                                  (6.3.5) 
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where i is subscript (1 = AOGI, 2 = Caltex), dependent variables Yi,t are Ri,t 

returns, X1 temperature and X2 pressure, the explanatory variables are Y1,t-1, Y2,t-1 

and  Y3,t -1 and p is a number of lags. 

Impulse Response 

ktKCY1                                                                                                                                                                 (6.3.6) 

where Ck are the weight of past stocks. 

Variance decomposition  

Ri,t  = Y1,t =  c11 ε1,t + c 12 ε2,t  + c 13 ε1t-1 …                 (6.3.7)
 

X1  = Y2,t =  c21ε1,t  + c 22 ε2,t  + c 23 ε1t-1 …                                                                                                   (6.3.8) 

X2  = Y3,t =  c31ε1,t   + c 32 ε2,t   + c 31 εt-1 …                                                             (6.3.9) 

where dependent variables: Y1,t are returns (Ri,t), Y2,t is temperature (X1) and Y3,t 

is pressure (X2), and ε1,t and ε2,t, ε3,t are lagged error terms. 

ARCH(1.1); ARCH (1.2); ARCH (2.1) and GARCH(1.1); GARCH(1.2); GARCH(2.1) 

Ri,t  = α i,t + βi,1X1,t + βi,2X2,t + ei,t                                                   (6.3.10) 
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where R is return, i is subscript (1 = Australian Oil and Gas Index, 2 = Caltex 

Limited refining company), α and k are constants, X1 and X2 are temperature and 

atmospheric pressure, e is an error term, Ab e²t − 1 is ARCH effect and Gj σ²t - 1 is 

GARCH effect, q is ARCH order and p is a GARCH order. 
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Markov-Switching VAR Model 

Yi,t =  vi (st) + A 1 (st ) yi,t – 1 + … + A p (st ) yi,t – p  + εt                                (6.3.13) 

v (st ) = vm;  Ap (st ) = Apm;  ∑ (st ) = ∑ m    for st  =  m                                      (6.3.14) 

 v (st ) =       v1   A 1 (st ),    =       A 1                     if     (st) = 1                      (6.3.15)        

                  : :          : : 

                  vm                A  m                     if     (st) = m  

                                                                           

Ri,t  = αi,t + βi,1X1,t + βi,2X2,t  + ei,t                                    (6.3.16) 

where R is return at time t, i is subscript (1 = Australian Oil and Gas Index, 2 = 

Caltex Limited refining company), α is constant, X1 and X2 are temperature and 

atmospheric pressure, e is an error term; v is intercept, Ap are matrixes; m is the 

number of regimes (4, 6, 7) and p is the number of lags, St value of state variable 

with switching mechanism between states and εt is white noise vector. 

Ri,t  = F (temperature and pressure), which are changing to state of common latent 

regime variable, st represents the phase of returns and weather cycles. 

The Markov-Switching Regression Model is defined as following:    

Ri,t    =         Xt β1  + εt      εt|st   ~ NID (0,∑1)  if     (st) = 1                          (6.3.17) 

     Xt βm + εt         εt|st   ~ NID (0,∑m) if     (st) = m  

where Xt is a regressor matrix of exogenous variables X1,t and X2,t such are εt is 

innovation process.         

The MS-VAR Model of this study can be represented as following:      

Ri,t     =       v1 + B11 yt − 1  + …  +  B p,1   yi,t -p  +  A1 εt  if     (st) = 1                         (6.3.18)             

               : : : :  

               vm + B1m yt−1  + …+ B p,m  yi,t -p  +  Am εt  if     (st) = m  

                                                                           

B is the parameters shift function. B = (β1, …, βm) 

Discrete state Markov stochastic process characterized by the following transition 

probabilities: 
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Pn,j = Pr (st+1 = j | st = n),                                          (6.3.19) 

The transition probabilities can be represented by the following transition matrix 

      P=                                                                                  (6.3.20) 

where Pn,M = 1 – pn,1 – ... – pn  for n = 1, ..., M, where M = 4, 6, 7.  A crucial 

assumption for the theoretical properties of MS-VAR models is that st follows a 

M state Markov process with transition matrix given by (6.3.15). 

Data 2.1                    Daily data (years 1973 -2007, 1983-2007) 

These hypotheses and research designs help achieve the specific objectives and research 

questions by empirically determining: 

The value relevance of weather in the context of the Australian oil and gas 

industry. 

 

6.3.3 The Value Relevance of Climate Change and GHG Emissions: 

The Australian Oil and Gas Industry  

The overall aim of this study is to examine the interdependent relationship between the 

oil and gas industry and climate change, and the consequent effect of this relationship 

on the market value of the industry. Long-term climate change impacts on the oil and 

gas industry are multifaceted and vary along and across the production and supply chain 

(AMP, Baker & McKenzie, 2005). An unusually cold winter or hot summer could 

significantly affect oil and gas demand, production, prices, and stock values/prices 

(Knight & Pretty, 1996).  

The first main objective of this research is to: 
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Investigate the impact of weather and climate change on the market value of the oil and 

gas industry. 

Since extreme events affect both oil and gas demand and supply more dramatically than 

less extreme events, this study proposes: 

Proposition 3.1 A long-term significant relationship exists between climate 

change and stock returns of Australian oil, gas and refining 

companies.  

Hypothesis 3.1 Climate change variables are negatively or positively associated 

with stock returns of AOGI and Caltex for the last 25 years. 

The information is deemed relevant if information is significantly associated with 

security market value (Ohlson, 1995; Beaver, 1998; Barth, 2000).   

Empirical Model 3.1  The following models test the value relevance of climate change 

in Australian oil and gas companies:  

Return = F (extreme pressure, temperature, humidity) 

Ri,t  = αi,t  + βi,1 1,t + βi,2 2,t + βi,3 3,t + ei,t                 i =1, 2                            (6.4.1) 

where R is a function of extreme temperature, pressure and humidity; 

temperature is a proxy for global warming; atmospheric pressure that signals 

shifts in the weather is a proxy for climate change and humidity is a forecasting 

weather characteristic. R represents the return at time t, i is subscript (1 = AOGI, 

2 = Caltex); 1, 2 and 3 are temperature, pressure and humidity respectively.  

All weather-related variables X1, X2 and X3 are de-trended and de-seasonalized and 

statistically adjusted to the climate change (weather-extreme) variables: 

Xn,t  = δt + q1D1,t  + q2D2,t   +…+ qmDm,t + εn,t           εn,t  =  n,t                      (6.4.2) 

where δt is the trend, Dm,t  the daily, weekly and monthly “dummy” variables, m 

the number of days, weeks and months. Xn,t are weather variables: X1,t , X 2,t , X3,t 

are weather variables that have 12 monthly, 52 weekly dummies and 52 instead 

of 365 daily dummies. Residuals εn,t from equation (6.4.2) are become 

independent variables n,t in empirical model (6.4.1) or following (6.4.3).  
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Methodology 3.1 A Linear Multivariate Regression Model, GARCH  

Ri,t = αi,t  + βi,1 1,t  + βi,2 2,t + βi,3 3,t  + ei,t                               (6.4.3) 

 σ²i,t = κi,t + θi,1σ²i, t-1 + θi,2e²i, t-1      i = 1, 2                                                                (6.4.4)  

where R is return at time t,α and κ are constants, and e is an error term, 1, 2  

and 3 are climate change variables (εn,t residuals from equation 6.4.2), σ² is 

variance and σt-1 is GARCH (1) effect  (G1) and e²t-1 is ARCH (1) effect (A1). 

Data 3.1  Daily, weekly, monthly (years 1983-2007) 

Since oil and gas companies are responsible for a substantial proportion of greenhouse 

gases and environmental degradation, investors’ perceptions could have an enormous 

impact on the market value of the firm (The Carbon Trust, 2005).  

The second objective of this research is to: 

Investigate the effects of the GHG emissions on the market value of the oil and gas 

industry. 

On the one hand, financial performance tends to correlate positively with shareholder 

value (e.g., Cohen, Fenn & Naimon, 1995; Hart & Ahuja, 1996; Russo & Fourts, 1998). 

On the other hand, catastrophic accidents could have an enormous impact on the market 

value of the oil and gas industry (e.g., Ganzi & Dunn, 1995; Ganzi & Tanner, 1997; 

Gentry & Fernandez, 1997). In the long run, an increase in CO2 emissions and a 

corresponding increase in GHG and global warming are associated with an increase in 

the production and consumption of oil, gas, and petroleum. This study assumes that in 

the long run capital markets will continue to be concerned about environment and its 

degradation, even if investors are rational and interested in maximising their investment 

returns. Thus, this study proposes: 

Proposition 3.2: A long-term significant relationship exists between GHG 

emissions and the market value of the oil and gas industry. If an 

increase in GHG is associated with a decrease in share prices, 

then the capital market negatively reacts to GHG air pollution. 
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Hypothesis 3.2: A significant long-term positive or negative relationship exists 

between CO2 variables and stock returns of the AOGI and Caltex.  

Empirical Model 3.2 This model aims to confirm the effect of CO2 emissions on the 

market value of firms: 

Returns = F (carbon dioxide)  

Ri,t   = αi,t + βi 8,t + ei,t                 i = 1, 2             ( 6.5.1) 

where R is a function of carbon dioxide emissions, which are fastest-growing 

source of GHG gas emissions. R represents the returns at time t, i is subscript (1 

= AOGI, 2 = Caltex); α is a constant and e is an error term; X8 is CO2 de-trended 

and de-seasonalized
20

: 

X8,t  = δt + q1D1,t  + q2D2,t  +…+ q52D52,t + ε8,t                ε8,t = 8,t                      (6.5.2) 

Methodology 3.2 AR-GARCH  

Ri,t  = αi,t + φi,1Ri,t-p  + βi 8,t + ei,t    i = 1, 2                (6.5.3) 

σ²i,t  = κi,t + θi,1σ²i, t-1 + θi,2e²i, t-1                        (6.5.4) 

   where R represents return, i is subscript (1 = Australian Oil and Gas Index, 2 =  

Caltex Limited refining company), φ is autocorrelation coefficient and p is order 

of autocorrelation; α and κ are constants; 8 is CO2; σ²t  is a variance and σ²t-1 is 

GARCH (1) effect (G1) and e²t-1  is ARCH (1) effect (A1) and e is an error term. 

Data 3.2:  Daily (years 1983-2007) 

Since the Australian oil and gas industry is significantly impacted by climate and also 

significantly contributes to climate change, the third objective of this research requires 

an investigation of the overall effect of the interaction between climate change and the 

oil and gas industry on the oil and gas industry’s market value.  

Thus, the third objective of this research is to: 

Investigate the overall effect of climate change and GHG emissions on the market value 

of the oil and gas industry.  

                                                           
20

  8,t  is Carbon dioxide (CO2) variable (as defined and designated in Chapter 4, page 107). For consistency, Carbon 

dioxide variable is applied as 8 in all equations across this thesis. 
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To achieve this objective the main research question must be tested: 

To what extent do the capital markets incorporate climate change and GHG emissions 

information in the stock valuation of Australian firms in the oil and gas industry?  

As discussed in Section 3.4, since the oil and gas industry is significantly impacted by 

climate and also because it significantly contributes to climate change, objective 3 of the 

research is to investigate total effect of climate change and greenhouse gas emissions on 

the market value arising from the interaction between weather/climate and the oil and 

gas industry. This study assumes that investors are rational and proposes: 

Proposition 3.3 A long-term significant relationship exists between climate 

conditions, GHG emissions, and the market value of the 

Australian oil, gas, and refining companies. 

Hypothesis 3.3 CO2 emissions and climate change variables are in significant 

positive or negative relationship with stock returns of AOGI  and 

Caltex during the last quarter of a century. 

Empirical Model 3.3      The following model incorporates climate and CO2 emissions 

variables to examine the effects between climate change and the polluting oil and gas 

industry on the industry’s market value: 

Returns = F (extreme temperature, pressure, humidity, carbon dioxide) 

Ri,t  = αi,t + βi,1 1,t  + βi,2 2,t + βi,3 3,t  + βi,8 8,t + ei,t                 i = 1, 2                    (6.6.1) 

where the return is a function of global warming, climate change and GHG gas 

emissions. R are returns at time t, i is subscript (1 = AOGI,  2 =  Caltex), and α is 

a constant and e is an error term; 1 and 2 are adjusted temperature and pressure 

respectively, 3 and 8 are humidity, and CO2. All variables in equation (6.6.1) 

are statistically adjusted to the climate change variables as follow: 

Xn,t  = δt + q1D1,t  + q2D2,t   +…+ qmDm,t + εn,t                          εn,t = n,t                   (6.6.2) 

where Xn,t are the weather variables, δt is the trend, Dm,t are the weekly 

“dummy” variables, m the number of 52 weeks.  Residuals εn,t from equation 
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(6.6.2) are used as independent variables n,t in the empirical model (6.6.1) or 

following (6.6.3).  

Methodology 3.3 A linear multiregression model, AR-GARCH 

Ri,t = αi,t  + φi,1Ri,t-p + βi,1 1,t + βi,2 2,t + βi,3 3,t + βi,8 8,t + ei,t                   (6.6.3) 

σ²i,t = κi,t + θi,1σ²i,t-1 + θi,2e²i,t-1                                  (6.6.4) 

  where R is return at time t, i = 1, 2 (1 = AOGI; 2 = Caltex);  φ is autocorrélation 

coefficient and p is order of autocorrelation; α and κ are constants, 1, 2,  3, 

8 are climate change variables, σ²t  is a variance and σ²t-1 is GARCH (1) effect 

(G1) and e²t-1  is ARCH (1) effect (A1). 

Data 3.3 Monthly (linear model), Daily (GARCH); (years 1983-2007). 

 

6.3.3.1 The Value Relevance of Climate Change and GHG Emissions Following the 

1992 UNFCCC and 1997 Kyoto Protocol 

Reducing greenhouse gas emissions is referred to as “de-carbonization” and is aimed to 

avoid catastrophic climate change, and as a precursor to a more advanced renewable-

energy-based economy (Wallstrom, 2004). Internationally, the most prominent early 

step in the direction of creating a low-carbon global economy was the signing of the 

Kyoto Protocol in 1997, which followed the 1992 UN Framework Convention on 

Climate Change (UNFCCC) (as discussed in Section 3.1.2). 

The third specific objective of this study is to: 

Investigate the impact of climate change and GHG emissions on the Australian stock 

market and the Australian oil and gas industry stock returns following the introduction 

of the UNFCCC and Kyoto Protocol GHG mitigation policies. 

To achieve this objective the following specific research question is tested: 

1.  Did investors consider CO2 emissions information following the 1992 

UNFCCC and 1997 Kyoto Protocol? 
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2. Is the financial market concerned about the environmental effects of 

investments? 

This study assumes that if an increase in CO2 emissions is associated with a decrease in 

share prices of oil and gas firms, then the capital market negatively reacts to air 

pollution, which causes climate change. However, if an increase in CO2 emissions is 

associated with an increase in share prices, then the investors are interested only in the 

financial aspect of their investment. Following these assumptions, this study proposes: 

Proposition 3.3.1 In an active efficient market rational investors were interested in 

maximizing their risk-adjusted stock returns before the 

introduction of the 1992 UNFCCC. 

Hypothesis 3.3.1 A highly significant positive relationship exists between the CO2 

variable and stock returns of the  Australian oil and gas industry 

for the period from year 1983 to year 1992.  

Proposition 3.3.2 In an active efficient market most rational investors are 

interested in the environmental aspects of their investments. 

Furthermore, most rational investors are concerned about the 

effects of climate change and GHG emissions following the 

introduction of the 1992 UN FCCC and the 1997 Kyoto Protocol 

policies. 

Hypothesis 3.3.2 A highly significant negative relationship exists between CO2 

emissions and stock returns of AOGI and Caltex. Moreover, a 

significant negative relationship exists between climate change 

variables and stock returns for the period 1992 to 1997 following 

UNFCCC, and for the period 1997–2006 following Kyoto 

Protocol policies. 

Empirical Model 3.3.1 -3.3.2  

Returns = F (extreme temperature, pressure, humidity, carbon dioxide) 
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Ri,t  = αi,t  + βi,1 1,t  + βi,2 2,t  + βi,3 3,t  + βi,8 8,t + ei,t       i = 1, 2, 3, 4            (6.7.1) 

where return is a function of extreme temperature, pressure, humidity and 

carbon dioxide. R represents the return at time t, i is subscript (1 = AOGI, 2 = 

Caltex, 3 = S&P/ASX200, 4 = All Ordinaries Index) and α is constant. Climate 

change variables: 1, 2, 3 and 8 are extreme temperature, pressure,  

humidity, and carbon dioxide; e is error term. All variables in equation are 

statistically adjusted to the climate change variables as follow: 

Xn,t  = δt + q1D1,t  + q2D2,t   + … + qmDm,t + εn,t                εn,t  = n,t                          (6.7.2) 

where δt is the trend, Dm,t  are the weekly “dummy” variables, m are the number 

of  52 weeks.  Residuals εn,t from equation (6.7.2) are used as independent 

variables n,t  in empirical model (6.7.1)  or following (6.7.3).  

Methodology 3.3 A linear multivariate regression model, AR-GARCH 

Ri,t  = αi,t  + φi,1Ri,t-p + βi,1 1,t  + βi,2 2,t  + βi,3 3,t + βi,8 8,t + ei,t                                   (6.7.3) 

 σ²i,t  = κi,t  + θ1σ²i,t-1 + θ2e²i,t-1                                          (6.7.4) 

 i = 1, 2; φ = coefficient of autocorrelation, p = order of autocorrelation, e = error term 

Data 3.3.1 and 3.3.2 Monthly (linear model), Daily (AR-GARCH). 

These hypotheses and research designs enable achievement of the main objectives and 

answer the research questions by empirically determining: The value relevance of 

climate change and greenhouse gas emissions before and after the introduction of the 

1992 UNFCCC and the 1997 Kyoto Protocol Agreement policies. 
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6.3.4 Environmental Variables in Financial Models  

6.3.4.1 Return-Association Models 

Empirical Models 4.1   

Ball & Brown (1968) introduced value-relevance research, and event and association 

study methodologies. The information is deemed value relevant if it has a significant 

association with security market value (Ohlson, 1995; Beaver, 1998; Barth, 2000). In an 

exhaustive literature review Bettman (2007) describes numerous empirical studies (e.g., 

Amir & Lev, 1996; Barth, Beaver & Landsman, 1996; Francis & Schipper, 1999) that 

demonstrate the significance of firm-specific characteristics in explaining 

contemporaneous share prices, or their value relevance.  

Since, the Australian oil and gas multinational companies are located and operating 

globally, the relevant independent variables are included in the following Return- 

Association Model 1. 

Returns = F (Australia’s extreme temperature, pressure, humidity, global temperature, 

Australia’s and global carbon dioxide, Australian and global industry-specific and 

economics factors). 

Return is a function of the Australian and world oil, gas, and derivatives prices which 

could be affected by local and global temperature, shifts in the weather, forecasting 

weather characteristic, local and global greenhouse gas emissions, and factors such as 

the Australian and foreign exchange and interest rates.  

Ri,t  = αi,t + βi,1 1,t + βi,2 2,t  + βi,3 3,t  + βi,8 8,t  + βi,9 9,t, + βi,10 10,t + βi,12X12,t  + βi,13X13,t    

+ βi,14X14,t  + βi,15X15,t  + βi,21X21,t  + βi,22X22,t + ei,t                                        (6.8.1) 

where the dependent variable is:  

1. Ri        Australian Oil and Gas Index share prices 

where independent variables are:
21

 

1. 1 Australia’s temperature 

2. 2 Australia’s pressure 

                                                           
21

  n,t  (n  = 1, 2, 3, 8, 9, 10) and Xn,t  n = 12, 13, 14, 15, 21, 22) are the climate change and control variables (as 

defined and designated in Chapter 4 pages 107, 109). For consistency across the thesis, these variables with 

corresponding regression coefficients βi (1, 2, 3, 8, 9, 10, 12, 13, 14, 15, 21, 22) are applied in the equation.  
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3. 3 Australia’s humidity 

4. 8 Australia’s carbon dioxide 

5. 9 Global carbon dioxide 

6. 10 Global temperature 

7. X12 World crude oil prices  

8. X13 Natural gas prices 

9. X14 Crude oil futures contract prices  

10. X15 Natural gas futures contract prices 

11. X21 Australia’s interest rates 

12. X22 AUD/USA foreign exchange rates 

All variables in equation are statistically adjusted to the climate change variables as 

follow: 

Xn,t  = δt + q1D1,t  + q2D2,t   +…+ qmDm,t + εt                        εn,t = n,t                      (6.8.2) 

where Xn,t is weather variables, δt is the trend, Dm,t are the weekly “dummy” 

variables, m are the number of  12 months.  Residuals εn,t from equation (6.8.2) are 

used as independent variables n,t in empirical models (6.8.1), (6.8.3) and (6.8.4).  

Since Australian oil and gas companies are also located and operating in Australia, 

additional relevant variables are included in the following Return-Association Model: 

Returns = F (extreme Australia’s pressure, Australia’s temperature, Australia’s 

humidity, Australia’s carbon dioxide, Australia’s oil & gas industry-specific and 

economics factors). Return is a function of local temperature, pressure, humidity, 

carbon dioxide and the Australian industry-specific factors such as the Australian and 

Singapore’s (as benchmark) oil and gas prices. Local oil prices could have significant 

effects on the share prices of AOGI and foreign exchange and interest rates are also 

could affect the return on the investment. 

Ri,t = αi,t  + βi,1 1,t  + βi,2 2,t + βi,3 3,t  + βi,8 8,t + βi,16X16,t + βi,17P17,t + βi,21X21,t +βi,22X22,t +ei,t (6.8.3) 

where the dependent variable is:  

1. Ri Australia’s Oil and Gas Index return 

      where the independent variables are:
22

 

                                                           
22

 n,t  (n  = 1, 2, 3, 8) and Xn,t  (n = 16, 17, 21, 22) are the climate change and control variables (as defined and 

designated in Chapter 4 pages 107, 109).  For consistency across this thesis, these variables with corresponding 

regression coefficients βi  (1, 2, 3, 8, 16, 17, 21, 22) are applied in the equation.  
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1. 1      Australia’s temperature 

2. 2 Australia’s pressure 

3. 3 Australia’s humidity 

4.  8 Australia’s carbon dioxide 

5. X16 Australia’s crude oil prices 

6. X17 Gas-oil prices (Singapore) 

7. X21 Australia’s interest rates 

8. X22 AUD/USA foreign exchange rates 

Since Australian refining company Caltex Limited is also located and operating in 

Australia, additional relevant variables are included in the following empirical model 

Return- Association Model 3: Returns = F (Australia’s temperature, Australia’s 

atmospheric pressure, Australia’s humidity, Australia’s carbon dioxide, Australia’s 

refining company-specific and economics factors). 

Ri, t= αi,t + βi,1 1,t+ βi,2 2,t + βi,3 3,t + βi,8 8,t + βi,18X18,t + βi,19X19,t+ βi,20X20,t +βi,21R21,t+βi,22R22,t +ei,t  (6.8.4)                                              

where the return is a function of global warming, climate change, weather  

forecasting, local source of greenhouse gas, refining company-specific factors 

such as the Australian and Singapore’s (as benchmark) oil, gas and derivatives 

prices and  Australian foreign exchange and interest rates. 

 where the dependent variable is:  

1. Ri  Caltex Limited returns  

where the independent variables are:
23

 

1. 1 Australia’s temperature 

2. 2 Australia’s pressure 

3. 3 Australia’s humidity 

4. 8 Australia’s carbon dioxide emissions 

5. X18 Gasoline prices (Singapore)  

6. X19 Gasoline futures contract prices 

                                                                                                                                                                          
 
23

   n,t (n  = 1, 2, 3, 8) and Xn,t  (n = 18, 19, 20, 21, 22) are the climate change and control variables (as defined and 

designated in Chapter 4 page 107, 109). For consistency across thesis, these variables with corresponding regression 

coefficients βi  (1, 2, 3, 8, 18, 19, 20, 21, 22) are applied in the equation.  
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7. X20 Fuel oil prices (Singapore) 

8. X21 Australia’s interest rates 

9. X22 AUD/USA foreign exchange rates 

Methodology 4.1: Multi-regression analysis 

Data 4.1:  Monthly 

However, before these financial (economics) variables were included in the Return-

Association Model, the effects of climate change on each of these variables were 

examined via the GARCH process in next section 6.3.4.2. 

 

6.3.4.2 Time Series Models 

All financial and economics’ variables (except foreign exchange rate and interest rate) 

to be included in the Return-Association Model were examined on association with 

climate change variables.  The effects of climate change on each of these variables are 

examined via the GARCH process, where financial and economics’ variables are 

dependent variables and climate change variables are independent variables. 

Empirical Model 4.2  

Ri,t  = αi,t + βi,1 1,t + βi,2 2,t  + βi,3 3,t  + βi,8 8,t + βi,9 9,t + βi,10 10,t + ei,t                     (6.8.5)                      

i = 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 (dependent variables) 

where R represents the return, i is subscript (1 = AOGI,  2 =  Caltex, 3 = WCOP 

(world crude oil prices), 4 = Singapore’s gas-oil prices (SOGP), 5 = Singapore’s 

gasoline prices (GOSP), 6 = crude oil futures contract prices (COFCP), 7 = 

gasoline futures contract prices (GFCP), 8 = Australian crude oil prices (ACOP), 

9 = Singapore’s fuel oil prices (FOPS), 10 = world natural gas prices (WNGP), 

11 = natural gas futures contract prices (NGFCP), α  is constant and e  is error 

term and where the dependent variables are: 

1. R1  Returns (AOGI) 

2. R2 Returns (Caltex Limited) 

3. R3 World crude oil prices 
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4. R4      Gas-oil prices (Singapore) 

5. R5 Gasoline prices (Singapore)  

6. R6 Crude oil futures contracts  

7. R7 Gasoline futures contracts 

8. R8 Australian crude oil prices 

9. R9 Fuel oil spot prices (Singapore)  

10. R10 World natural gas prices 

11. R11 Natural gas futures contracts 

where the independent variables are:   

1. 1 Australia’s temperature 

2. 2 Australia’s  pressure 

3. 3 Australia’s humidity 

4. 8      Australia’s carbon dioxide emissions 

5. 9 Global temperature 

6. 10 Global carbon dioxide. 

Methodology 4.2: GARCH (1.1) 

Data 4.2:  Daily data (years 1997-2006). 

 

6.3.4.3  Fama and French-Climate Change Model 

Empirical Model 4.3    

Fama and French’s (1992) three-factor model includes size (ME, stock price x number 

of shares), earnings/price (E/P), and book-to-market equity (the ratio of a firm’s 

common stock book value, BE, to its market value, ME). Since this study investigates 

the effect of climate change and GHG, the first factor (proxy for size) “ME” (market 

value) has been replaced with “sales.” The total value of annual sales is an accounting 

measure selected as a proxy for size and current oil and gas prices. Production should be 

significantly correlated with CO2 emissions. The following empirical model has been 

applied in empirical analysis: 
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Ri,t  = αi,t  +βi,1 1,t +βi,2 2,t +βi,3 3,t +βi,8 8,t  +βi,10 10,t +βi,11X11,t  +βi,23X23,t +βi,24X24,t +βi,25X25,t +ei,t (6.9.1)   

            i = 1 

where R represents the return at time t, i is subscript (1 = AOGI) and where the 

dependent variables are: 

1. R1     Return on investment (Australian Oil and Gas Index) 

 

where the independent variables are
24

:     

1. 1     Australia’s temperature 

2. 2     Australia’s atmospheric pressure 

3. 3     Australia’s humidity 

4. 8     Australia’s CO2 emissions 

5. 10    Global carbon dioxide 

6. 11    Global temperature anomalies 

7. X23    Annual sales  

8. X24    BV/MV (book-to-market value) 

9. X25    E/P (earnings/price ratio) 

Methodology 4.3 Multi-regression analysis 

Data 4.3  AOGI, quarterly data, years 1997-2006. 

 

6.3.4.4 Fama and French-Behavioral Climate Change Model 

Empirical Model 4.4  

Following Fama and French (1992) and Becker and Ochman (2004), this research 

constructed a four-factor model that is based on finance, accounting, and behavior 

variables by adding an additional environmental factor using environmental variables, 

such as  “climate change” and “global warming.”  Following Becker and Ochman 

(2004), but in contrast to Carhart (1995), instead of using 1-year momentum, the 

                                                           
24

  n,t  (n  = 1, 2, 3, 8, 9, 10) and Xn,t  (n = 23, 24, 25) are the climate change and control variables (as defined and 

designated in Chapter 4 pages 107, 109). For consistency across this thesis, these variables with corresponding 

regression coefficients βi  (1, 2, 3, 8, 9, 10, 23, 24, 25) are applied in the equation.  
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contrarian effect is used as a behavioral factor to explain stock investment returns. 

Contrarian strategies focus on market anomalies such as outperformance in a firm’s 

earnings or book value. However, oil and gas companies could experience abnormal 

losses during the exploration phase, but afterwards they could generate significant 

profits. Therefore, the “losers” could become “winners” in a 3-year period.  

Ri,t=αi,t + βi,1 1,t + βi,2 2,t + βi,8 8,t + βi,9, 9,t + βi,1 11,t + βi,23X23,t + βi,24X24,t +βi,25X25,t +βi,26X26,t+ei,t   (6.9.2)    

where R represents the return at time t, i is subscript (1 = Australian oil and gas 

companies) a where the independent variables are
25

:      

1. 1 Australia’s temperature 

2. 2      Australia’s  air pressure 

3. 8 Australia’s carbon dioxide level 

4. 9 Global carbon dioxide from fuel emissions 

5. 11 Global temperature anomalies 

6. X23 Sale (size) in AUD 

7. X24 BV/MV (book-to-market value) 

8. X25 E/P (earnings/price ratio) 

9. X26 Long-term reversal (contrarian effect) 

Methodology 4.4 Multi-regression analysis 

Data 4.4  Annual (AOSI). 

 

6.4  Summary and Conclusion  

The key research and specific questions of this study are transferred to the testable 

statistical hypotheses. Data, empirical models, methods, and statistical tests that best 

meet objectives and hypotheses testing are identified. Summary of the research 

describes objectives and subsequent steps to test hypotheses and achieve objectives.  

                                                           
25

  n,t  (n  = 1, 2, 8, 9, 11) and Xn,t  (n =  23, 24, 25, 26) are the climate change and control variables (as defined and 

designated in Chapter 4 pages 107, 109). For consistency across this thesis, these variables with corresponding 

regression coefficients βi  (1, 2, 8, 9, 11, 23, 24, 25, 26) are applied in the equation.  

 



164 

 

Tables 6.1, 6.2, 6.3, and 6.4 present a summary of the research design for empirical 

analyses. 

Specific objective and hypotheses 1.1 and 1.2 with the empirical and time series models 

and subsequent tests are summarized in Table 6.1. Hypotheses 1.1 and 1.2 are 

empirically tested and discussed in the following chapter, Chapter 7 “Empirical 

Analyses – The Value Relevance of Weather and Climate Change: The Australian Stock 

Market.” 

Table 6.2 presents research design to meet the second specific objective of this study 

and test hypothesis 2. Relationship between weather and investment decisions in the oil 

and gas industry is modeled as time series processes. VAR, ARCH, GARCH, and MS-

VAR models are selected to investigate these relationships. Hypothesis 2 is empirically 

tested and results are presented and discussed in Chapter 8 “Empirical Analyses – The 

Value Relevance of Weather and Climate Change: The Australian Oil and Gas 

Industry.” 

Key objectives and hypotheses 3.1, 3.2 and 3.3 are developed, and Table 6.3 presents 

the research design, which answers the key research question.  Hypotheses 3.1, 3.2, and 

3.3 are empirically tested and discussed in Chapter 9 “Empirical Analyses – The Value 

Relevance of Climate Change and GHG Emissions.” 

 In addition, the third specific objective and hypotheses 3.3.1, 3.3.2 and 3.3.3 are 

developed to investigate the impact of climate change and GHG emissions on equity 

returns following the 1992 UNFCCC and the 1997 Kyoto Protocol policies. Empirical 

design also is presented in Table 6.3, and empirical results are analysed and discussed in 

Chapter 9.  

Table 6.4 presents research design with control variables from finance models to test the 

third specific objective and hypothesis 3.3.3. This hypothesis is empirically tested, 

analysed, and discussed in Chapter 10 “The Value Relevance of Climate Change and 

GHG Emissions: Environmental Variables in the Financial Models.” 
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Table 6.1 

Summary of Research Design for the Empirical Analyses: Value Relevance of 

Weather and Climate Change  

The Value Relevance of Weather and Climate Change: The Australian Stock Market 

Specific Objective  Investigate the impact of weather and climate change on Australian stock market. 

Proposition 1.1  

 

Weather conditions influence Australian stock market. 

Hypothesis 1.1  Weather variables influence the S&P ASX 200 stock returns. 

Rt   =  ∑ αi Xt-i  + ∑ βj  Rj-1  + εt Empirical Model 

Methodology 

Data 

Granger Causality Test, GARCH and ARCH models 

Daily (year 1992-2006) 

Sample Australian S&P ASX 200 Index 

Proposition 1.2  In an active efficient market, a large number of rational investors react to climate 

change, and share prices reflect new climate change information; however, share 

prices of the oil and gas sector are affected more significantly. 

 

Hypothesis 1.2  A more significant negative or positive relationship exists between climate change 

and stock return of the AOGI and Caltex, than between climate change and the 

stock returns of the S&P ASX 200 index and All Ordinaries index. 

 

Ri,t   =  αi,t  + βi,1 1,t + βi,2 2,t + βi,3 3,t + βi,4 4,t + βi,5 5,t + βi,6 6,t + βi,7 7,t + ei,t 

 

 

 

Empirical Model 

 

 

 

Methodology 

Data 

Return = F (temperature, pressure, humidity, quality of air temperature, wet bulb 

temperature, quality of wet bulb temperature, vapour pressure)  

(X’s are de-trended and de-seasonalized) 

(AR)-GARCH models 

Daily, weekly  (years 1992-2006) 

Sample  

 

Australian S&P ASX 200 Index, Australian All Ordinary Index, Australian Oil and 

Gas Industry (AOGI), Caltex limited. 

 

Empirical Results                                                       Chapter 7 

The Value Relevance of Weather: The Australian Oil and Gas Industry 

Specific Objective 

 

Proposition 2.1  

 

 

 

Hypothesis 2.1  

 

 

 

Empirical Model 

Methodology 

Sample 

Data 

Empirical Results 

Investigate the impact of weather on the Australian oil and gas industry.  

 

In an active efficient  market dominated by a large number of rational investors, 

share prices of weather-sensitive oil and gas companies are appropriately priced 

and reflect news (new information) on weather conditions. 

 

A significant positive/negative relationship exists between weather variables and 

the stock returns  of Caltex, and furthermore, a less significant relationship exists 

between Australia’s weather-related variables and AOGI stock  returns. 

 

Ri,t  = αi,t + βi,1X1,t + βi,2X2,t + ei,t 

Return = F (temperature, pressure) 

VAR, ARCH, GARCH, MS-VAR(1) models 

AOGI and Caltex Limited 

AOGI (years 1973- 2007), Caltex (years 1983-2007) 

         

                                            Chapter  8 
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Table 6.2 

Summary of Research Design for the Empirical Analyses: Value Relevance of 

Climate Change and Greenhouse Gas Emissions  

The Value Relevance of Climate Change and Greenhouse Gas Emissions:  AOGI 

Main Objective Investigate the impact of climate change on the market value of the oil and gas 

industry. 

Proposition 3.1  

 

A long-term significant relationship exists between climate change and the stock 

returns oAustralian oil, gas and refining companies.  

 

Hypothesis 3.1  Climate change variables are negatively or positively associated with stock returns 

of AOGI and Caltex for the last 25 years. 

 

Ri,t  = αi,t  + βi,1 1,t + βi,2 2,t + βi,3 3,t  + ei,t  (Xs are de-trended and de-seasonalized) 

Returns = F (pressure, temperature, humidity) 

 

Empirical Model 

Methodology 

Data 

GARCH (1.1)and AR(1) GARCH (1.1) models 

Daily, weekly, monthly (year 1983-2006) 

Sample AOGI and Caltex 

Main Objective 

 

 

Proposition 3.2  

Investigate the effects of GHG emissions on the market value of oil and gas 

industry. 

 

A long-term significant relationship exists between GHG emissions and the market 

value of the oil and gas industry. If an increase in GHG emissions is associated with 

a decrease in share prices, then the capital market negatively reacts to GHG air 

pollution. 

 

Hypothesis 3.2  A significant long-term positive or negative relationship exists between CO2 

variables and stock returns of AOGI and Caltex. 

 

Ri,t   = αi,t + βi 8,t  + ei,t   (X8,t are de-trended and de-seasonalized)  

Returns = F (carbon dioxide)  

 

Empirical Model 

Methodology (AR)-GARCH models 

Data 

Sample  

 

Main Objective 

 

 

Proposition 3.3 

 

  

Hypothesis 3.3  

 

Empirical Model 

 

 

Methodology 

Data 

Sample  

 

Daily, weekly  (years 1992-2006) 

AOGI and Caltex 

Investigate the overall effect of climate change and GHG emissions on the market 

value of the oil and gas industry.  

 

A long-term significant relationship exists between climate conditions, GHG 

emissions, and the market value of the Australian oil, gas, and refining companies. 

 

CO2 emissions and climate change variables are in significant positive or negative 

relationship with stock returns of the AOGI and Caltex during the last quarter of a 

century. 

Ri,t  = αi,t  + φi,1Ri,t-p + βi,1 1,t  + βi,2 2,t  + βi,3 3,t  + βi,8 8,t + ei,t    

 (Xs are de-trended and de-seasonalized) 

 Returns = F (pressure, temperature, humidity, carbon dioxide) 

Multi-regression analysis and AR(1) CARCH(1.1) 

Daily, monthly (years 1983-2006) 

AOGI and Caltex Limited 

Empirical Results                                             Chapter 9 
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Table 6.3 

Summary of Research Design for the Empirical analyses: Value Relevance of 

Climate Change and Greenhouse Gas Emissions Following UN Policies 

The Value Relevance of Climate Change and GHG Emissions Following the 1992 UNFCCC and 

1997 Kyoto Protocol 

Specific Objective 

3 

Investigate the impact of climate change and GHG emissions on the stock returns 

of Australian market and Australian oil and gas industry following the 

introduction of the 1992 UNFCCC and the 1997 Kyoto Protocol mitigation 

policies. 

 

Proposition 3.3.1  

 

 

Hypothesis 3.3.1  

 

 

 

Empirical Model  

 

 

Methodology 

Data 

 

Sample 

In an active efficient market rational investors were interested in maximizing their 

risk-adjusted stock returns before the introduction of the 1992UNFCCC. 

 

A highly significant positive relationship exists between the CO2 variable and 

stock returns in Australian oil, gas and refining companies for the period from 

year 1983 to year 1992.  

 

Ri,t = αi,t + βi,1 1,t + βi,2 2,t + βi,3 3,t + βi,8 8,t + ei,t                                                                             

(Xs are de-trended and de-seasonalized) 

Returns = F (pressure, temperature, humidity, CO2) 

 

GARCH (1.1)and AR(1) GARCH (1.1) models 

Daily, weekly, monthly  (years 1983-1992) 

 

AOGI and Caltex  

 

  

Proposition 3.3.2  

 

 

 

 

Hypothesis 3.3.2  

 

 

 

 

 

 

Empirical Model  

 

 

 

Methodology 

 

Data 

 

Sample 

In an active efficient market most rational investors are interested in the 

environmental aspects of their investments. Furthermore, most rational investors 

are concerned about the effects of climate change and GHG emissions 

immediately following the introduction of the 1992 UN FCCC and the 1997 Kyoto 

Protocol policies. 

 

A highly significant negative relationship exists between CO2 emissions and stock 

return of the AOGI and Caltex.  Moreover, a significant negative relationship 

exists between climate change variables and share prices for the period 1992 to 

1997 following 1992 UN FCCC, and for the period 1997–2006 following Kyoto 

Protocol policies. 

 

Ri,t  = αi,  + βi,1 1,t  + βi,2 2,t + βi,3 3,t  + βi,8 8,t  + ei,t           

 (X’s are de-trended and de-seasonalized) Returns = F (pressure, temperature, 

humidity, CO2) 

 

GARCH (1.1)and AR(1) GARCH (1.1) models 

 

Daily, weekly, monthly  (years 1992-1997) and (years 1997-2006) 

 

AOGI, Caltex, S&P/ASX 200, All Ordinaries 

 

  

Empirical Results                                             Chapter  9 
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Table 6.4 

Summary of Research Design for the Empirical Analyses: Environmental 

Variables in Financial Models 

Return-Association Models 

Period Following the 1997 Kyoto Protocol 

Return-

Association 

Models 1 

 

 

 

 

 

Methodology 

Data 

Sample 

 

Return-

Association 

Models 2 

Methodology 

Data 

Sample 

Return-

Association 

Models 3 

 

Methodology 

Data 

Sample 

Control 

variables 

(industry 

specific) 

Methodology 

Data 

Sample 

Fama&French-

Climate Change 

Model 

Methodology 

Data 

Sample 
Fama & 

French -

Behavioural-

Climate Change 

Model 

Methodology 

Data 

Sample 

Empirical  

Results 

Ri,t =αi,t+βi,1 1,t+βi,2 2,t+βi,3 3,t+βi,8 8,t +βi,9 9,t,+βi,10 10,t+βi,12X12,t+βi,13X13,t+βi,14X14,t 

+βi,15X15,t+βi,21X21,t+βi,22X22,t +ei,t  

X’s are de-trended and de-seasonalized 

Returns = F (industry-specific factors: world crude oil prices, natural gas prices, crude 

oil futures contract prices, natural gas futures contract prices; economics factors: 

Australia’s interest rates and AUD/USA foreign exchange rates; and climate change 

factors: Australian  temperature, pressure, humidity, Australian dioxide, global 

temperature, global carbon dioxide). 

Multi-regression analysis 

Monthly (years 1997-2006) 

Australian Oil and gas multinational companies 

Ri,t=αi,t+βi,1 1,t+βi,2 2,t +βi,3 3,t+βi,8 8,t+βi,16X16,t + βi,t 17X17,t +β i,21X21,t+βi,22X22,t+ei,t    

Returns = F (Australian temperature, pressure, humidity, Australian carbon dioxide, oil 

& gas industry-specific earnings factors)  

X’s are de-trended and de-seasonalized 

Multi-regression analysis 

Monthly (years 1997-2006) 

Australian oil and gas companies  

Ri,t=αi,t+ βi,1  1,t+ βi,2 2,t + βi,3 3,t + βi,8 8,t + βi,18X18,t+ βi,19X19,t+ βi,20X20,t+ βi,21X21,t+βi,22X22,t+ei,t 

 Returns = F (Australian temperature, pressure, humidity, carbon dioxide, refining 

company-specific earnings factors)  
X’s are de-trended and de-seasonalized 

Multi-regression analysis 

Monthly (years 1997-2006) 

Caltex Limited (Australian refining company located and operating in Australia) 

Ri,t = αi,t + βi,1 1,t + βi,2 2,t + βi,3 3,t + βi,8 8,t + βi,9 9,t  + β10 10,t + ei,t                                             

i = 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11(dependent variables) 

Returns = F (Australian temperature, pressure, humidity, Australian carbon dioxide, 

global temperature, global carbon dioxide)  

GARCH (1.1) 

Daily, monthly, weekly (years 1997-2006) 

AOGI and Caltex Limited 

Ri,t =αi,t+ βi,1 1,+ βi,2 2,t+ βi,3 3,t+ βi,8 8,t+ βi,9 9,t+ βi,10 10,t+βi,23X23,t + βi,24X24,t+βi,25X25,t+ ei,t 

Multi-regression analysis 

Quarterly data 

AOGI 
Ri,t=αi,t+βi,1 1,t+βi,2 2,t+βi,3 3,t+βi,8 8,t+βi,9 9,t+βi,11 11,t+βi,23X23,t+βi,24X24,t+βi,25X25,t+βi,26X26,t+ei,t 

 

 

 

 

Multi-regression analysis 

Annual data 

Australian oil and gas companies 

                                               

                                           Chapter 10  
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Chapter 7 

Empirical Analyses – The Value Relevance of Weather 

and Climate Change: The Australian Stock 

Market
26

 

 

7.1 Introduction 

This chapter presents and discusses the results of empirical analyses undertaken to 

determine the impacts of weather conditions on stock returns and the value relevance of 

climate change. The information is deemed relevant if it has a significant association 

with security market value (Ohlson, 1995; Beaver, 1998; Barth, 2000). The first 

objective of this study is to investigate the impact of weather and climate change on 

Australian equity stock returns. Thus, the specific questions addressed are: 

1. Do weather conditions influence Australian stock prices?  

2. Does climate change, especially extreme weather events, impact stock prices?  

3. How does climate change actually impact stock prices? 

To achieve this objective and answer the first question this study empirically examined 

the direct influence of weather conditions on Australian Stock returns. To investigate 

the impact of climate change on Australian stock returns and answer the second 

question, this study statistically investigated the effect of climate change on Australian 

stock returns. To answer the third question this study empirically examined the value 

relevance of climate change and compared the Australian stock market prices 

fluctuations to those of the weather-sensitive Australian oil, gas and refining companies 

listed on the Australian stock exchange.  

                                                           
26

 The findings contained in this chapter have appeared as a paper “The Effect of Climate Change on the Australian 

Stock Equity Returns” (S.Vlady), which was presented at the 2009 International Conference on Applied Business & 

Economics, Kavala, Greece.  
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From one point of view, the financial market is an important factor contributing to 

environmental degradation (Myrray et al., 2006). From the other point of view, the 

financial market contributes significantly to the environmental performance of a firm 

(e.g., Khana, Qimio, et al., 1997; Lanoie, Laplante & Roy, 1997).  This study assumes 

that the financial market does not contribute to environmental degradation, and it is not 

rational to expect that returns on Australian market investments could affect weather 

conditions. On one hand, the capital markets could respond to news on weather and 

climate change, but on the other hand, stock prices could be impacted by the effects of 

weather changes or climate conditions on investors’ emotional or physical states. This 

research assumes that investors are rational and that climate change information or news 

impacts investors’ decisions. Thus, this study proposes: 

Proposition 1.1 Weather conditions influence the Australian stock market. 

Proposition 1.2 In an active efficient market, a large number of rational investors 

react to climate change, and share prices reflect new climate 

change information; however, share prices of the oil and gas 

sector are affected more significantly. 

To answer the questions and achieve the first objective, the following hypotheses are 

empirically tested: 

Hypothesis 1.1 Weather variables influence the S&P ASX 200 stock returns.   

Hypothesis 1.2 A more significant negative or positive relationship exists 

between climate change and the stock returns of AOGI and 

Caltex, than between climate change and the srock returns of the 

S&P ASX 200 index and All Ordinaries index.  
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7.2 Impact of Weather Conditions on Australian Stock 

Market
27

 

This section discusses the effects of weather on Australian stock market returns. The 

Australian S&P/ASX Index 200, which includes exclusively Australian domicile 

companies as well as some weather-sensitive companies, has been selected as a proxy 

for the Australian capital market. This chapter contributes empirical findings on the 

impact of weather conditions on stock returns and discusses the impact from the 

Efficient Market Hypothesis (EMH) and Behavioural Finance (BF) perspectives. The 

ARCH and CARCH models along with the Granger Causality test are applied to gain 

precise and accurate results. 

On one hand, the capital market could respond to new weather-related information 

(news) and could incorporate this information in the stock valuation process. 

Alternatively, stock prices could be affected by the mental and/or physical changes in 

investors caused by weather conditions. Does weather-related information have an 

effect on stock prices? 

 

7.2.1 Data and Methodology 

This study aims to confirm or reject weather causality and weather’s impact on the 

Australian stock market. The S&P/ASX All Australian 200 Index serves as a proxy for 

the Australian capital market as this index is a broad market index of exclusively 

Australian domiciled companies. Following behaviour finance research in 

environmental psychology, the data set used here includes temperature, quality 

temperature, wet bulb temperature, quality wet bulb temperature, humidity, pressure, 

and water vapour pressure variables. The data set is a daily return time series, including 

data from June, 1992 and July, 2006, provided by the Australian Bureau of 

                                                           
27 This section discusses the empirical analyses included in the research paper “Causality of Weather Conditions in 

Australian Stock Equity” (Vlady, Tufan, & Hamarat, 2010) that published  in Revista Tinerior Economisti, (ISSN 

2067-0052 on-line; 1583-9982 printed), EU (in process publication). 
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Meteorology. Sydney’s meteorological data was selected to match the stocks traded on 

the Australian Stock Exchange, because Sydney is generally accepted as Australia’s 

financial centre. All missing data (from Sydney city) was replaced by data from Sydney 

airport’s meteorological station. 

Stock market data is the closing end-of-day share prices traded on the Australian Stock 

Exchange and was collected from the DataStream database. Daily stock returns are 

calculated with the formula Rt = (Pt -Pt-1) / Pt-1, and  Rt represents return in day t, Pt 

represents closing share price of day t, and Pt-1 represents opening share price of     day 

t-1. To examine the long-term relationship between weather variables and S&P/ASX 

All Australian 200 Index returns, and how this relationship was formed, the following 

empirical model is applied: 

ttt eXR 10
                                 (7.1) 

where, Rt represents return in time t, Xt represents weather variables (described in Table 

4.1). 

To estimate the model, the following procedure is applied: 

1. Jarque-Bera statistics are used to test the null hypothesis that the data is 

normally distributed. 

2. Augmented Dickey-Fuller (ADF) statistics are applied to test that the time-series 

data are stationary and co-integrated. 

3. ARCH and GARCH models are used to identify the volatility of stock returns.  

4. The Granger Causality test is employed to determine the Granger causal 

relationship between weather and return on investment. 
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7.2.1.1  GARCH and ARCH  

The long-term relationship between weather and capital market returns is modelled as 

ARCH (1) and GARCH (1) processes, which maintain the essential characteristics of 

the ARCH (GARCH) effect, including an important persistence effect in volatility. 

Financial time series often exhibit volatility clustering or persistence, where large 

changes tend to follow large changes, and small changes tend to follow small changes. 

Volatility clustering is a type of heteroskedasticity accounts for the excess kurtosis 

typically observed in financial data. The ARCH (1) model is used because conditional 

variance depends on only one lagged squared error, and with the ARCH (1) model, 

conditional variance of a shock at time t is a function of the squares of past shocks: 

σ²t = α + Ae²t-1                        (7.2) 

where σ represents variance and e represents a “shock,” “news,” or “error.” 

The GARCH model is useful for examining the volatility of the series over time:   

σ²t = κ + Ab σ²t-1 + Gj e²t-1                       (7.3) 

where variance σ²t is a function of an intercept κ, a shock from the prior period (e²t-1) 

and the variance from last period (σ²t-1). Ab e²t-1 is “shock” from last period (ARCH 

effect) and Gj σ²t-1 is the variance from last period (GARCH effect). 

If the S&P/ASX 200 Index has variable variance, this could stem from weather 

variables and the weather factors could be Granger-caused stock returns. 

 

7.2.1.2 Granger Causality Test  

The existence of a co-integrating relationship among variables suggests that the Granger 

causality functions in at least one direction. To expect that S&P/ASX 200 Index returns 

on investment could affect weather conditions would be irrational. Thus, the one-way 

relationship between weather variables and return on S&P/ASX 200 Index investment is 

determined: 
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Where n indicates lags and the test assumed is no relationship (white noise) exists 

between ε1t and weather variables series error terms (which is not given in the equation) 

ε2t (Granger, 1969). The Granger Causality test is based on F statistics, which (Wald, 

1994) proved: 

  
)2/(

/)(
2;

nmESS

nESSESS
F

ur

urr
nmn                 (7.11) 

Where ESS indicates the sum of error terms squares, ur indicates the model that is 

unrestricted, and r indicates the model that is restricted. If the computed F value 

exceeds the critical F value at the chosen level of significance (α) with (n; m-2n) 

degrees of freedom, the null hypothesis (H0) ― no causality exists between the two 

series ― is rejected. So, coefficients (or coefficient) in the model are statistically 

significant.  

 

 

 

7.2.2 Empirical Analysis 
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7.2.2.1   Descriptive Statistics and Pre-estimation Analysis 

The descriptive statistics of weather variables and S&P/ASX 200 Index returns are 

presented in Table 7.1. The descriptive statistics for weather-related variables indicates 

that Sydney, Australia’s average temperature is approximately 21
o
C, the maximum is 

around 39
o
C, and the minimum is 8.5

o
C. The minimum of 2.2mb (millibars) and 

maximum of 62.0mb indicate the greatest changes in atmospheric pressure, with a 

moderate fluctuation in humidity.  

Table 7.1 

Descriptive Statistics of the Weather and Equity Returns Variables 

 

Notes: 

1.X1 TEMP: Temperature at 3 p.m.    5. X5 WBT: Wet Bulb Temperature at 3 p.m 

3.X3 HUMID: Humidity at 3a.m.    6. X 6 QTEMP: Quality WBT at 3p.m.   
4.X 4 QTEMP: Quality Temperature at 3 p.m.  7. X7 VPRESS: Vapour Pressure at 3p.m.   

 8  Rt ASX200: Equity Returns of the ASX200                 

The minimum of 6.78 percent and maximum of 5.89 percent show that losses on 

investment return are slightly higher than gains on a daily basis. Also, a positive mean 

and median indicate an average positive return on investment. The high positive 

kurtosis indicates the possibility of a severe market reaction to events. Jarque-Bera (J-B) 

statistics are used to test the null hypothesis that the data are of a normal distribution. 

All J-B statistics are greater than the critical value 5.99. Thus, the null hypothesis of 

normality is rejected. The return’s kurtosis of 7.30 exceeds the normal distribution value 

3, but skewness is less than + 1.00 due to the large sample size.          

 TEMP 

X1 

QTEMP 

X4 

WBT 

X5 

QWBT 

X6 

HUMID 

X3 

PRESS 

X2 

VPRESS 

X7 

 

ASX200 

Rt 

Mean 21.21 11.31 15.90 55.76 1010.77 14.24 25.96 0.0033 

Median 21.00 12.00 15.90 56.00 1011.00 14.00 24.90 0.0002 

Maximum 38.70 24.00 26.10 99.00 1031.80 62.00 68.80 0.0589 

Minimum 8.50 -13.40 6.00 9.00 986.10 2.200 11.10 -0.0678 

Std. Dev. 4.23 5.71 3.71 16.49 7.34 5.01 7.04 0.0077 

Skewness 0.34 -0.51 0.03 -0.00 -0.25 0.40 1.13 -0.3369 

Kurtosis 3.13 2.84 2.23 2.99 2.97 4.50 5.61 7.3037 

J-Bera 74.30 166.40 91.53 0.001 39.69 451.93 1836.17 2909.73 

Probability 0.00 0.00 0.00 0.99 0.00 0.00 0.00 0.00 

Sum 78074.3 41656.4 58536.8 20521.8 371964.1 52412.8 95557.7 1.2127 

Su StDev. 658962 120015.6 50765.9 1000850 198658 92355 182559 0.2209 
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7.2.2.2  Augmented Dickey-Fuller Test 

The Augmented Dickey-Fuller (ADF) test is used to test whether the data are stationary 

and co-integrated. Table 7.2 shows the ADF test statistics results. 

Table 7.2 

Augmented Dickey-Fuller Test Statistics for All Variables 

 
 

  

Variables 

 

Exogenous 

    X1     Temperature  

1% level 5% level 10% level t-Statistic Prob.* 

Constant -3.431947 -2.862131 -2.567128 -5.840922 0.0000 

Constant, Linear Trend -3.960542 -3.411031 -3.127332 -5.854211 0.0000 

None -2.565593 -1.940910 -1.616641 -0.726992 0.4019 

 

Exogenous 

 

    Χ4   Quality Temperature    

1% level 5% level 10% level t-Statistic Prob.* 

Constant -3.431946 -2.862130 -2.567128 -6.948791 0.0000 

Constant, Linear Trend -3.960541 -3.411030 -3.127331 -6.979036 0.0000 

None -2.565593 -1.940910 -1.616642 -2.364890 0.0175 

 

Exogenous 
    X5   Wet bulb Temperature     

1% level 5% level 10% level t-Statistic Prob.* 

Constant -3.431946 -2.862131 -2.567128 -5.295731 0.0000 

Constant, Linear Trend -3.960542 -3.411031 -3.127332 -5.294090 0.0000 

None -2.565593 -1.940910 -1.616642 -0.984942 0.2912 

 

Exogenous 

    X6   Quality Wet Bulb  

1% level 5% level 10% level t-Statistic Prob.* 

Constant -3.431942 -2.862129 -2.567127 -30.13833 0.0000 

Constant, Linear Trend -3.960535 -3.411027 -3.127330 -30.15889 0.0000 

None -2.565593 -1.940910 -1.616641 -1.654385 0.0927 

 

Exogenous 
   X3     Humidity     

1% level 5% level 10% level t-Statistic Prob.* 

Constant -3.431943 -2.862129 -2.567127 -17.57673 0.0000 

Constant, Linear Trend -3.960537 -3.411028 -3.127330 -17.75911 0.0000 

None -2.565595 -1.940911 -1.616641 0.255220 0.7601 

 

Exogenous 
   X2     Pressure  

1% level 5% level 10% level t-Statistic Prob.* 

Constant -3.431946 -2.862130 -2.567128 -6.762404 0.0000 

Constant, Linear Trend -3.960541 -3.411030 -3.127331 -6.788669 0.0000 

None -2.565593 -1.940910 -1.616641 -1.578393 0.1078 

 

 

Exogenous 

    X7   Vapour Pressure  

1% level 5% level 10% level t-Statistic Prob.* 

Constant -3.431947 -2.862131 -2.567128 -6.085786 0.0000 

Constant, Linear Trend -3.960542 -3.411031 -3.127332 -6.107463 0.0000 

None -2.565593 -1.940910 -1.616641 -1.152124 0.2278 

 

Exogenous 
    Rt   ASX Return  

1% level 5% level 10% level t-Statistic Prob.* 

Constant -3.431941 -2.862128 -2.567127 -58.98151 0.0001 

Constant, Linear Trend -3.960534 -3.411027 -3.127329 -58.97828 0.0000 

None -2.565591 -1.940910 -1.616642 -58.88553 0.0001 
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7.2.2.2 ARCH/ GARCH Effects and Granger Causality Test  

 

Results shown in Table 7.3 indicate that intercept is statistically significant (t = 5.11,     

p = 000) and show that an average daily return on the S&P/ASX 200 Index is 1.33 

percent. Overall, the ADF test shows that a time trend, a constant, and a unit root could 

affect the returns. The volatility of the return is tested by applying the ARCH (1) and 

GARCH (1) models. Results shown in Table 7.3 indicate that intercept is statistically 

significant (t = 5.11,     p = 000) and show that an average daily return on the S&P/ASX 

200 Index is 1.33 percent. 

Table 7.3 

Results of ARCH and GARCH Tests 

 

Variance Equation Coefficient Std. Error z-Statistic Prob. 

  

k        Constant 1.33E-06 2.61E-07 5.107223 0.0000 

e²t-1  ARCH(1) 0.070750 0.005206 13.59129 0.0000 

σ²t-1 GARCH(1) 0.908652 0.008358 108.7152 0.0000 

R-squared -0.001808 Mean dependent var 0.000330 

Adjusted R-squared -0.002353 S.D. dependent var 0.007750 

S.E. of regression 0.007759 Akaike info criterion -6.995989 

Sum squared residuals 0.221381 Schwarz criterion -6.990926 

Log likelihood 12875.62 Durbin-Watson stat 1.941033 

The ARCH (1), up to 1 lag, is statistically significant (t = 13.59, p = .000), which 

indicates that the current squared error term is statistically correlated with the previous 

day’s squared error terms. Variation in the “today” returns is dependent upon variation 

and the squared error term of the preceding trading day.  Thus, ARCH is found to be 

significant and is interpreted to show that today’s volatility (squared error term) impacts 

the next trading day’s volatility. GARCH is interpreted as “today’s volatility” (variance 

of error term) and is correlated with the previous trading day’s volatility (with the 

squared error term and variance). The sum of the ARCH (1) and GARCH (1) 

coefficients near 1 (0.97), which is statistically significant, indicates that the S&P/ASX 

200 Index has persistent volatility and variable variance.  

 The Granger Causality test reveals whether the variance stems from weather variables. 

A one-way direction of causality assumed from weather variables to S&P/ASX 200 
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Index returns, and a one-day lag for stationary-related daily variables are used. To test 

causality, F-tests are used to determine whether lagged information on weather-related 

variables provide any statistically significant information about returns. However, under 

the assumption that the estimated coefficients on the lagged weather-related variables 

are statistically indifferent from zero, as a group of variables indicates there is no 

causality between two series (Gujarati, 2001).  The results shown in Table 7.4 indicate 

that only humidity affects S&P/ASX 200 Index returns at a 10 per cent level of 

significance.  

Table 7.4 

Granger Causality Test Results (1 Lag) 

 

Null Hypothesis Obs F- Statistic Probability 

X1   Temperature 3679  0.19142  0.66177 

X4   Quality Temperature  3679  1.50619  0.21980 

X5  Wet Bulb Temperature  3679  1.06009  0.30326 

X6   Quality Wet Bulb  3679  1.10131  0.29405 

X3   Humidity  3679  2.97973  0.08440* 

X2   Pressure  3679  1.22423  0.26860 

X7   Vapour Pressure   3679  0.18178  0.66987 

 *This represents a one-way Granger causality from the humidity variable to ASX 200 return series (at 10 per cent level of 
significance). 

The values of F statistics suggest that, with the exception of humidity, weather variables 

do not influence the S&P/ASX 200 Index returns. In other words, unidirectional 

causality from humidity Ht to S&P/ASX 200 Index returns is indicated if the estimated 

coefficients on the lagged Ht are statistically different from zero as a group (i.e., 

0i
), and there is a causal relationship between the two series (at least from Ht to 

S&P/ASX 200 Index returns).  
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7.3 The Effect of Climate Change on Australian Stock 

Market  

This section empirically examines the effect of climate change on Australian market 

returns and compares these returns to those of the weather-sensitive Australian oil and 

gas companies. Thus, Australian Oil and Gas Index and refining company Caltex are 

compared to the S&PASX 200 and All Ordinaries indexes. The time series AR-GARCH 

model is applied to investigate the market’s response to climate change. All weather-

related variables have been statistically adjusted to the climate change variables. The 

Econometric Toolbox software, combined with MATLAB, Optimization Toolbox, and 

Statistics Toolbox software are used to analyse and perform statistical analyses. 

As noted earlier, climate change poses a major risk not only to global ecosystems, but 

also to the global economy, as this risk can affect countries’ wealth, resource 

availability, and energy prices. We return now to our major question, does climate 

change information impact stock market prices? Investors who drive capital markets 

could respond to climate change news and information by altering their investment 

practices to slow down climate change. However, emotional or physical changes caused 

by climate conditions could affect investors’ decisions and consequently influence stock 

prices. The profound impact of climate change is felt more immediately and directly in 

weather-sensitive sectors, particularly the oil and gas industry. We now come to the 

related question, how does climate change actually influence stock prices? 

 

7.3.1 Descriptive Statistics    

Descriptive statistics of Caltex and the Australian Oil and Gas index returns, presented 

in Table 7.5, indicate leptokurtic or volatility clustering. Also, the excess kurtosis 

observed in the S&P ASX 200 Index shows persistence, which is a type of 

heteroskedasticity.  Australian All Ordinaries Index returns exceed just slightly the 

value of 3 of a normal distribution. Skewness of all variables does not exceed the 

critical value 1.00. However, all Jarque-Bera statistics in this study are considerably 

greater than the critical value of 5.99 and indicate that the data does not represent a 

normal distribution.  
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Table 7.5 

Descriptive Statistics of the Australian Market and Weather Variables 
 

 
Notes: 
1.  X1  TEMP: Temperature at 3 p.m.    8.  R1   AOGI returns and R 2  Equity returns of Caltex 
2.  X4  QTEMP: Quality Temperature at 3 p.m.  9.  R3    ASX200: Equity Returns of the  

3.  X5  WBT: Wet Bulb Temperature at 3 p.m                                               Australian top 200 companies 

4.  X6  QTEMP: Quality WBT at 3p.m.                                             10. R4   AllORD: Equity Returns of 500 Australian companies 
5.  X3  HUM: Humidity at 3a.m 500  

6.  X2  PRESS: Pressure at 3 p.m. 

7.  X7  VPR: Vapour Pressure 
 

 

 

7.3.2 Methodology  
7.3.2.1 AR(p)-GARCH (1.1) Model  

The volatility clustering, serial correlation, and heteroskedasticity in the oil refining 

company Caltex Limited and all indexes in the GARCH model, and the presence of 

autocorrelation in Caltex’s and AOG index stock returns, suggests the inclusion of an 

Autoregressive component AR(p). In order to investigate a relationship between returns 

on investments in Caltex Limited and the Oil and Gas Index and climate change, an 

autoregressive dynamic and conditional heteroskedasticity are incorporated and the 

AR(p)-GARCH (1.1) model is selected. The presence of volatility and 

heteroskedasticity indicates that the GARCH (1.1) model is appropriate for the 

S&P/ASX 200 and All Ordinaries market indexes. Independent weather-related 

variables are de-trended and de-seasonalized to the climate change variables. In this 

study’s context, the model takes the following specification: 

Ri,t = αi,t + φi,1Ri,t-p + βi,1 1,t + βi,2 2,t + βi,3 3,t + βi,4 4,t + βi,5 5,t + βi,6 6,t + βi,7 7,t + ei,t (7.12) 

σ²i,t  =  κi,t + θi,1σ²i, t-1 + θi,2e²i, t-1         i = 1, 2, 3, 4                                     (7.13)                            

 
TEMP 

X1 

QTEMP 

X4 

WBT 

X5 

QWBT 

X6 

HUM 

X 3 

PRESS 

X2 

VPR   

X7 

CALTEX 

R2 

AOGI  

R1 

ASX200  

R3  

 

Allord 

R4 

Mean 21.2 11.3 15.9 55.7 1010.7 14.2 25.9 0.0005 0.003 0.0033 0.0028 

Median 21.0 12.0 15.9 56.0 1011.0 14.0 24.9 0.0000 0.00 0.0002 0.0001 

Std.Dev 4.2 5.7 3.7 16.4 7.3 5.0 7.0 0.2118 0.012 0.0077 0.0081 

Skew 0.3 -0.5 0.03 -0.0 -0.2 0.4 1.1 -0.912 -1.19 -0.3369 0.6 

Kurtosis 3.1 2.8 2.2 2.9 2.9 4.5 5.6 14.93 32.3 7.30 3.1 

J-Bera 74.3 166.4 91.5 0.01 39.6 451.9 1836.1 38530.0 32350.3 2909.7 236.2 
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where R represents returns and  i is the return subscript (1 = AOGI index, 2 = Caltex, 3 

= ASX200, 4 = All Ordinaries);  are climate change variables (as described in 

equations 6.2.3 and 6.2.4) 

To estimate the model the following procedures are applied:  

1. Remove linear trends and seasonal patterns in weather-related and carbon 

emission variables.  

2. Calculate dummy variables for each period (days, weeks, months). 

3. Regress the weather variables Xn,t on dummy variables and use residuals as the 

independent variables n,t in (7.12) model. 

4. Apply AR (p) - GARCH (1.1) or GARCH (1.1) regression models to estimate 

models (1) and (2). 

Thus, the standard strategy is to regress the independent variables on dummy variables.  

Dm,t  is used and the following model is applied:  

Xn,t  = δt + q1D1,t  + q2D2,t +…+ qmDm,t + εn,t          εn,t = n,t                       (7.14) 

where Xn,t is weather variables: X1 is temperature, X2 is pressure, X3 is humidity, X4 is 

quality of air temperature, X5 is wet bulb temperature, X6 is quality of wet bulb 

temperature and X7 is vapor pressure, δt is the trend, Dm,t are weekly  “dummy” 

variables, m are number of weeks,  εn,t  is residuals. 

This single variable has 52 weekly dummies instead of 365 daily dummies. Finally, the 

residuals εn,t from equation (7.14) are used as independent variables n,t in model (7.12). 

Thus, the residuals from equation (7.14) became the explanatory variables in equation 

(7.12). 
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7.3.3 Empirical Results 

The value relevance of climate change in the context of Caltex, the Australian oil and 

gas industry, leading Australian companies, and the entire Australian market are 

presented in Table 7.6. Results indicate that climate change is value relevant only for 

Caltex’s returns. The statistically significant coefficients for Caltex returns are humidity 

0.14895 (t = 2.0284), temperature 0.30611 (t = 1.6694), and wet bulb temperature -

0.4295 (t = -1.7475).  Caltex’s return of -0.05538 (-2.9381) inversely correlates with the 

previous day’s return (AR-1). However, the AR (1) results show that the oil and gas 

industry’s return 0.10962 (t = 6.4280) is significant and positively correlated with the 

previous day’s return.  

ARCH appears to be significant for Caltex and the oil and gas companies, and indicates 

that “today’s” volatility affects the following day’s volatility. A significant GARCH 

shows that “today’s” volatility correlates with the previous day’s volatility for Caltex 

and the AOG index. The sum of ARCH (1) and GARCH (1) coefficients (0.97) (just shy 

of 1) are statistically significant and indicate that Australia’s 200 leading and 500 

largest companies have consistent volatility and variance. 

The capital market reacts to past shocks and news, and is affected by variance from the 

previous period. However, this variance does not stem from climate change. Thus, the 

results reveal that climate change is value relevant only for the oil refining weather-

sensitive company, Caltex, which is located, and operates solely, in Australia. Results 

show that climate change does not significantly impact the leading Australian 

companies and the Australian stock market as a whole. Additionally, climate change 

appears not to affect Australia’s weather-sensitive oil and gas industry. 

However, the multicollinearity problems might occur when explanatory variables are 

highly correlated. For example, standard errors tend to be larger, thus inducing a high 

probability of type II errors (erroneously retaining the null hypothesis).   
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Table 7.6 

Value Relevance of Climate Change 

Ri,t = αi,t + φi,1Ri,t-p + βi,1 1,t  + βi,2 2,t  + βi,3 3,t + βi,4 4,t + βi,5 5,t + βi,6 6,t + βi,7 7,t + ei,t 

σ²i,t = κi,t  + θi,1σ²i,t-1 + θi,2e²i,t-1 

Xn,t = δt + q1D1,t  + q2D2,t  +…+ q52D52,t + εt                     εn,t = n,t                n = 1, 2, 3, 4, 5, 6, 7 

 
 R1 Caltex R2 AOGI R3 ASX 200 R4 All Ordinar. 

α     Constant 

(t-stat) 

0.08209 

(2.5283) 

 0.04755 

(3.9943) 

0.04877 

(4.1959) 

φ     (Rt-p)  AR (1) 

(t-stat) 

-0.05538 

(-2.9381)
 a
 

0.10962 

(6.4280)
 a
 

  

1  Temperature 

(t-stat) 

0.30611 

(1.6694) 
b
 

0.06759 

(0.4969) 

-0.04851 

(-0.6462) 

-0.04326 

(-0.5760) 

2   Pressure 

(t-stat) 

-2.1062 

(-0.0174) 

0.00036 

(0.2702) 

0.00070 

(0.5511) 

0.00066 

(0.5406) 

3   Humidity 

(t-stat) 

0.14895 

(2.0284)
 b
 

0.04631 

(0.8926) 

0.00777 

(0.2668) 

0.00976 

(0.3362) 

4   Quality of air 

T 

(t-stat) 

0.02442 

(0.5250) 

-0.00076 

(-0.0272) 

-0.00376 

(-0.2123) 

-0.00378 

(-0.2172) 

5   Wet bulb T 

(t-stat) 

-0.42995 

(-1.7475)
 b
 

-0.10394 

(-0.5714) 

0.02446 

(0.2452) 

0.01808 

(-1.1972) 

6   Quality of 

WBT 

(t-stat) 

0.00406 

(0.3607) 

0.00025 

(0.0351) 

-0.00533 

(-1.2659) 

-0.00497 

(-1.1972) 

7   Vapor pressure 

(t-stat) 

-0.07053 

(-1.6501)
 b
 

-0.01502 

(-0.5163) 

0.01132 

(0.6560) 

0.01022 

(0.5945) 

k     Constant 

(t-stat) 

0.14141 

(7.0265) 

0.54175 

(5.2665) 

0.01578 

(5.1394) 

0.01360 

(5.1980) 

G1  (σ²t-1)   

GARCH(1) 

(t-stat) 

0.91221 

(118.5552)
 a
 

0.87966 

(63.0038)
 a
 

0.89641 

(90.4998)
 a
 

0.89753 

(97.6828)
 a
 

A1  (e²t-1)      

ARCH(1) 

(t-stat) 

0.05665 

(12.5425)
 a
 

0.07851 

(9.4163)
 a
 

0.07906 

(13.0088)
 a
 

0.08176 

(13.5105)
 a
 

Note: 1. 
a 
and 

b
 indicate the significance level of 1 percent and 5 percent respectively. 
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The results indicate a high correlation between temperature-related variables such as 

quality of air, temperature, wet bulb temperature, quality of wet bulb temperature, and 

vapour pressure. Also, the results suggest that variables such as temperature, 

atmospheric pressure, and humidity are less correlated with each other and selected for 

future statistical analysis. Correlations of the explanatory variable are presented in Table 

7.7. 

Table 7.7 

Multicollinearity 

 
  X1 X2 X3 X4 X5 X6 X7 

X1      Temperature 1 0.15 0.10 0.05 0.63 0.48 0.97 

X2     Pressure 0.15 1 0.11 0.08 0.18 0.16 0.72 

X3      Humidity 0.10 0.11 1 0.96 0.83 0.76 0.08 

X4       Quality Air 

Temperature 

0.05 0.08 0.96 1 0.79 0.79 0.03 

X5       Wet Bulb     

Temperature 

0.63 0.17 0.83 0.79 1 0.34 0.59 

X6    Quality of WBT -.048 0.16 0.76 0.79 0.34 1 -0.47 

X7    Vapour Pressure 0.97 0.07 0.08 0.03 0.59 -0.47 1 

 

 

7.4 Discussion 

The Efficient Market Hypothesis (EMH) is associated with the “random walk” concept, 

which, in financial literature, characterizes price series where all subsequent price 

changes represent random departures from previous prices. The random walk logic is 

that the information is immediately reflected in stock prices. Because news is 

unpredictable, price changes also must be unpredictable and random. The importance of 

the Efficient Market Hypothesis is that EMH justifies the use of movement in stock 

prices as a test of usefulness of financial and non-financial information.  

Theories of human behaviour from anthropology, psychology, and sociology have 

motivated empirical research on the behaviour of financial markets. The behaviour 

principles include the prospect theory, regret and cognitive dissonance, anchoring, over-
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confidence, over- and under-reaction, gambling behaviour, magical and quasi-magical 

thinking, culture and social contagion, etc. (Shiller, 1997).  

Behaviour finance assumes that investors are irrational. In contrast, the Efficient Market 

Theory (EMT) assumes that investors behave rationally and predictably in an efficient 

market that adjusts rapidly to new information. Moreover, as Lebaron highlights in his 

book, “The Seven Habits of Highly Defective Investors” (1999) (and as renowned 

economist Paul Krugman has observed), the market is full of irrational or “defective” 

investors who render markets anything but efficient.  

Recent behavioural finance literature investigates the effects of weather conditions on 

the emotional state of investors by testing the different capital market indexes and 

stocks in various countries, regions, and cities (e.g., Pardo  & Valor, 2003; Loughran & 

Schultz, 2003; Dowling & Lucey, 2005; Tufan & Hamarat, 2004, 2006; Borghesi, 2007; 

e.g., Chang et al., 2006, 2008;  Forgas et al., 2008; Levy & Galili, 2008). While some 

research has found a significant association between weather effects and stock market 

returns, other research has found an insignificant relationship. A limited number of 

empirical studies have investigated the effect of weather-related moods and feelings on 

Australian stock returns (Worthington, 2006), and weather effects on the Australian 

capital market (Cao & Wei, 2005). Cao and Wei’s (2005) and Worthington’s (2006) 

results indicate no significant relationship between the weather and Australian market 

returns. But contrary to previous research, this study found that the weather affects 

Australian stock returns. The results from a one-way Granger causality test suggest that 

past values of weather-related variables do not directly influence Australian stock 

market, with the exception of humidity.  

Under high humidity conditions, human physical and mental capacity can be affected, 

and consequently impact investors’ behaviour. Australia experiences high humidity 

year round, but has an extremely humid wet season from December to April. Under 

high humidity conditions, the body’s efforts to maintain an average acceptable body 

temperature can be significantly impaired.  Therefore, high humidity could have a 

negative impact on physical and psychological conditions and consequently, could 

influence investors’ decision-making processes.  
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However, humidity is an important metric that used in weather forecasting by weather-

sensitive companies. This metric could be incorporated in the investment decision 

process. Humidity indicates the likelihood of precipitation, dew, or fog (Australian 

Bureau of Meteorology, 2009). Oil and gas companies (including refining firms such as 

Caltex) rely on weather forecasts to anticipate demand. 

Weather has always played an important role in the economy, and every sector has 

some degree of weather sensitivity. According to an estimate by meteorological 

research institutions, more than 80 percent of the world’s business activity is dependent 

on prevailing weather conditions (ABM, 2009). Large parts of the Australian economy 

are directly or indirectly exposed to variations of weather conditions. The Australian 

S&P/ASX 200 index includes weather-sensitive companies such as energy suppliers 

and transportation systems that heavily depend on weather and weather forecasting.  

Thus, a high possibility exist that investors do actually incorporate weather-related 

information in their decision-making processes. Thus, investors can be “rational” in 

standard finance and “normal” in behavioural finance. Rational investors have perfect 

self-control, and they are averse to risk but never averse to regret. Conversely, regular 

human beings, including investors, do not always follow that pattern (Statman, 1999).  

Moreover, extreme weather events like heat waves, torrential rain, hurricanes, tornados, 

and freezing cold are bad for business, as bad weather can decrease productivity, lower 

profits, and increase the costs of running businesses. However for some companies, bad 

weather in the traditional sense of cold, grey, and rainy days can actually be good for 

business. Table 7.8 presents the weight of each sector in the Australian S&P ASX 200 

Index, which includes approximately 80 percent of Australian equity capitalization and 

captures a broad market representation. Each economic sector has a unique sensitivity to 

the weather and climate changes and a different definition of “bad weather.” 
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Table 7.8 

Percentage of S&P/ASX 200 
 

Sector  Percent 

Health Care                                                                2.5 

Consumer Discretionary  11 

Consumer Staples  7.0 

Property Trusts  8.0 

Financials excluding Property Trusts 35.2 

Information Technology  0.5 

Telecommunication Services 5.6 

Utilities  1.2 

Energy  2.7 

Materials  19.2 

Industrials 7.1 

Keef and Roush (2007) found that Australian market returns could be influenced 

negatively by de-seasonalized temperatures, and concluded that “increased temperature 

influences the physiology of investors” and that “psycho-economic depression leads to a 

weakening in prices on the Australian stock exchange” (p. 181). In contrast, the results 

of this study are inconsistent with Keef and Roush’s (2007) conclusion, and support the 

assumption that if stock prices are affected by physical conditions caused by climate or 

weather conditions, then all stocks prices should have approximately the same impact 

on companies, the industry, and the whole market. 

Also, the empirical results support this study’s hypothesis that the relationship between 

climate change, and Australian stock market returns is less significant than between 

climate change and the weather-sensitive oil, gas, and refining companies. Empirical 

results reveal that investors and analysts incorporate climate change information into 

financial assessments of refining company Caltex Limited, located and operated in 

Australia. However, climate change does not appear to have a significant impact on the 

Australian market and weather-sensitive oil and gas industry. But, consistent with 

multicollinearity analysis and Worthington’s (2006) conclusion, results could be 

affected by a high correlation between the explanatory variables.  
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7.5 Summary and Conclusion 

Chapter 7 investigated the impact of weather in the context of the Australian Stock 

market and Table 7.9 presents the summary of the empirical results. 

Table 7.9 

Summary of Results: Value Relevance of Weather and Climate Change  

The Value Relevance of Weather and Climate: The Australian Stock Market 

Proposition 1.1  Weather conditions influence Australian stock market. 

Hypothesis 1.1  Weather variables influence the S&P/ ASX 200 stock returns. 

  

Sample 

 

Empirical Results 

Granger Causality 

Test 

 

 

ARCH(1) 

GARCH(1) 

Australian S&P ASX 200 Index 

 

 

Humidity F =2.9797;  p (0.08444) 

A one-way Granger causality from the humidity variable to S&P ASX 200 return 

series (at 10 percent level of significance). 

 

ARCH (1) and GARCH (1) coefficient near 1 (0.97), which statistically significant 

and indicates that S&P/ ASX 200 has persistent volatility and variance and which 

variance could influence by weather conditions.  

 

Proposition 1.2  In an active efficient market, a large number of rational investors react to climate 

change, and share prices reflect new climate change information, however, share 

prices of the oil and gas sector are affected more significantly. 

Hypothesis 1.2  A more significant negative or positive relationship exists between climate change 

and the stock returns of AOGI and Caltex, than between climate change and the 

stock returns of the S&P ASX 200 index and All Ordinaries.  
 

 

 

 

 

 

 

 

Return = F (temperature, pressure, humidity, quality of air temperature, wet bulb 

temperature, quality of wet bulb temperature, vapour pressure) 

 

Weather variables are transformed to climate change variables 

 

(AR)-GARCH models 

Sample  

 

 

Empirical Results 

 

 

 

 

 

 

 

Multicollinearity 

Australian S&P ASX 200 Index, Australian All Ordinary Index, Australian Oil and 

Gas Index (AOGI), Caltex limited. 

 

Australian S&P ASX 200 Index                          insignificant 

Australian All Ordinary Index                             insignificant 

Australian Oil and Gas Index (AOGI                  insignificant  

 

Caltex                                                                   significant 

Temperature 0.3061(t = 1.6694); Humidity 0.1489(t = 2.0284);  

Web Bulb Temperature -0.4299 (-1.7475); Vapour Pressure -0.0705(t = -16501) 

 

Temperature, pressure and humidity are less correlated 
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This research hypothesises a one-way direction from weather variables to S&P ASX 

200 share prices. The results from a Granger causality test suggest that past values of 

weather-related variables do not directly influence the Australian stock market and do 

not lead market behaviour, with the exception of humidity. Under high humidity 

conditions, human physical and mental capacity can be affected, and consequently 

impact financial trader behaviour. However, humidity is an important metric used in 

weather forecasting by weather-sensitive companies and could be used by rational 

investors in investment decisions. Thus, investors can be “rational” in standard finance 

and “normal” in behavioural finance. The present study assumes that if stock prices are 

affected by physical conditions caused by climate or weather conditions, then all stocks 

prices should have approximately the same impact on companies, the industry, and the 

whole market. The empirical results support this study’s hypothesis that the relationship 

between climate change and the Australian stock market returns is less significant than 

between climate change and the weather-sensitive oil and gas companies’ returns.  

In general, this study’s results indicate that investors react to financial and non-financial 

news, and that the market is efficient. In addition, investors are rational and incorporate 

climate change information into the stock valuation process of the weather/climate-

sensitive refining company, Caltex. Moreover, investors use forecasting information to 

make rational investment decisions. High humidity and abnormal temperatures could 

affect the demand for petroleum and gasoline and could therefore be relevant in 

determining demand for Caltex products. Moreover, a change in pressure predicts a 

significant change in the weather and is associated with rains, storms, cyclones, and 

high winds. However, climate change does not appear to have a significant impact on 

the Australian weather-sensitive oil and gas industry. However, results could be affected 

by a high correlation between the explanatory variables.  

This study’s results suggest that Australian stock market returns are indeed influenced 

by weather and Australian local oil, gas, and refining companies can be affected by 

climate change. However, the way in which weather and climate changes affect stock 

prices remains a question. Also, the multicollinearity test suggests that variables such as 

temperature, atmospheric pressure, and humidity are less correlated than other weather-

related variables and would be appropriate for future statistical analyses. 
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Chapter 8 

Empirical Analyses – The Value Relevance of 

Weather: The Australian Oil and Gas Industry
28

 

 

8.1 Introduction 

Chapter 8 presents this study’s empirical results and discusses the value relevance of 

weather information that was factored into the analyses. This study’s findings suggest 

that the weather causes changes in Australian stock market prices. The results indicate a 

one-way impact of weather conditions and climate change on the Australian stock 

market returns.  

Yet, the question remains, how exactly does weather and climate change information 

actually impact stock prices? And, do weather and climate conditions affect stock prices 

of the Australian oil and gas sector and if so, how?  

The second specific objective of this research is to investigate the impact of weather and 

climate change on the oil and gas industry and consequently, on the market value of the 

oil and gas industry. To achieve this objective and to answer these specific questions, 

this study statistically determines the impact of weather and weather-related disasters on 

the weather-sensitive economic sector. It compares the Australian oil refining company 

Caltex Limited.  

This study assumes that investors are rational and news on weather conditions and 

climate change are reflected in the share prices of the weather-sensitive oil and gas 

sector. The oil and gas sector is one of the most weather-sensitive sectors. Since demand 

                                                           
28The findings contained in this chapter  appears as “The Market Value of Australian Oil and Gas Industry and 

Climate Change: The VAR, ARCH and GARCH Approaches,” which was presented at the International Conference 

on Applied Business & Economics, Aristotle University, Thessaloniki, Greece, 2008. This paper also was published 

in Studies in Regional &Urban Planning (SRUP), Greece, Issue 11b, December, pages 195-220 (Vlady, S., Roca, E., 

& Tularam, G.A., 2008). 

 

Also this chapter is a part of the article “The Value Relevance of Climate Change: A Preliminary Study of the Oil and 

Gas Industry in Australia,” which was presented at the American Accounting Association Annual Meeting 2008, in 

California, U.S.A. In addition, the revised conference paper was published in Oil, Gas & Energy Quarterly, U.S.A., 

V 57, No 4, June, pages 711-735 (S. Vlady, 2009). 
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for oil and gas fluctuates based on weather conditions, and since production and supply 

could be affected by climate change, this study proposes: 

Proposition 2.1 In an active efficient market dominated by a large number of 

rational investors, share prices of weather-sensitive oil and gas 

companies are appropriately priced and reflect news (new 

information) on weather conditions.   

Since the Australian oil-refining firm Caltex operates solely in Australia, but the 

Australian Oil and Gas Index (AOGI) includes large multinational companies that 

operate in Australia and around the world, this study expects: 

Hypothesis 2.1 A significant positive/negative relationship exists between 

weather variables and the stock returns of Caltex, and 

furthermore, a less significant relationship exists between 

Australia’s weather-related variables and AOGI stock  returns. 

In any weather-sensitive sector of economy, supply and demand are highly seasonal and 

exhibit seasonal volatility. VAR, ARCH, GARCH and Markov Switching Vector 

Autoregressive (MS-VAR) models are applied to obtain more robust and reliable 

results. 
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8.2 Data and Methodology 

This research concentrates on the analysis and valuation of the Australian Oil and Gas 

Index and one oil Australian refining company, Caltex Limited. The weather-related 

data used in the sample come from the Australian Bureau of Meteorology.  The capital 

market data examined in the sample are daily-end closing prices, and the weekly 

(Wednesday) share prices traded on the ASX are collected from DataStream.  

The study observes the change in share prices of the Australian Oil and Gas Index 

(AOGI) and weather-related data from 1973 to 2007 (year of formation of AOGI). This 

study examines weather /climate and stock market data from 1983 to 2007, to assess the 

value relevance of global warming and climate change of Caltex Ltd.  Caltex Ltd is 

Australian owned from year 1983. A total of 8,957 daily and weekly Oil and Gas Index 

returns and weather-related data, as well as 6,347 Caltex daily returns and temperature 

and atmospheric pressure data, are utilised. For comparison purposes and more robust 

results, this study uses daily data from January 1983 to April 2007 for Caltex Limited 

and Oil and Gas Index.  

This study aims to confirm or reject the hypothesis that a relationship exists between 

returns on investment and weather conditions. The Vector Autoregressive (VAR) model 

is applied to investigate these relationships. In addition, the Autoregressive Conditional 

Heteroskedasticity (ARCH) and GARCH models are applied along with the Markov 

Switching-Vector Autoregressive model (MS-VAR). The VAR allows the data to 

describe the dynamic structure of a model. Moreover, the VAR does not require the use 

of the more tightly structured models, suggested by economic theory (Burbidge and 

Harrison, 1984): 

Yi,t  =  A1Yt -1 + A2Yt-2  + … + ApYt-p + εi,t                                         (8.1) 

The VAR model tracks the dynamic relationship over time among weather-related 

variables and stock market activity. This study’s preliminary results indicate that many 

of the lagged variables, except temperature and atmospheric pressure, are insignificant 

and should be left out of the model. Since a change in the temperature could 

significantly affect the demand for the oil, gas, and petroleum products, and the 
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atmospheric pressure signals a shift in the weather, the maximum temperature and the 

daily atmospheric pressure were selected as the weather-related variables. The 

following empirical models were applied to test the value relevance of climate change 

effects in the Australian Oil and Gas index:  

Ri,t  =  αi,t +   βi,1X1,t  +   βi,2X2,t  + ei,t                 i = 1, 2               (8.2) 

where R  is return, i is return subscript (1 = AOGI and 2 =  Caltex). X1 and X2 are 

temperature and atmospheric pressure, respectively.  

Ri,t = Y1,t =  α11Y1,t − 1 + α 12Y2,t-1  + α13Y3,t−1  + ε1,t                (8.3) 

X1  = Y2,t =  α21Y1,t − 1 + α 22Y2,t-1  + α23Y3,t − 1 + ε2,t                 (8.4) 

X2  = Y3,t =  α31Y1,t − 1 + α 32Y2,t-1  + α33Y3,t −1 + ε3,t                 (8.5) 

where dependent variables are Y1,t (Ri,t returns),  Y2,t  (X1 temperature) and Y3,t 

(X2 pressure), the explanatory variables are y1,t-1, y2,t-1  and y3,t −1.   

The VAR helps examine the capital market’s dynamic response to changes in the 

weather-related variables and variance decomposition of returns:  

ktKCY1                                                                                                               (8.6) 

where Ck are the weight of past stocks. 

Ri,t  = Y1,t = c11 ε1,t  + c 12 ε2t  + c 13 ε1t-1 …                                   (8.7)
 

X1  = Y2,t =  c21 ε1,t  + c 22 ε2,t  + c 23 ε1t-1 …                                           (8.8) 

X2 = Y3,t =  c31 ε1,t   + c 32 ε2,t  + c 33 ε1t-1 …                                                   (8.9) 

where returns, temperature, and pressure are dependent variables, and ε1,t and ε2,t 

are error terms. 

The ARCH and GARCH models include past variances to explain future variances and 

take into account some excess kurtosis, leverage effects and volatility clustering ― 

three important characteristics of financial time series. These models are consistent with 

various forms of efficient market theory and well suited for the weather sensitive oil and 
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gas companies with supply and demand uncertainty and changes over a long time span 

of more than 20 years: 

Ri,t  =  αi,t +   βi,1X1,t  +   βi,2X2,t  + ei,t                i = 1, 2                        (8.10) 

2

1

,,

2

, bt

q

b

bititi eAe                                                                                          (8.11) 

p

ji

jtjiit

q

b

bititi GeA 2

,

2

1

,,

2

,
                                       (8.12) 

where R   is return, i is return subscript (1 = AOGI and 2 =  Caltex); α and k are 

constants, X1  and X2 are temperature and atmospheric pressure, e is error term,  

Ab e²t – b is ARCH effect and Gj σ²t – j is GARCH effect, q is ARCH order, p is a 

GARCH order, (b and j = 1, 2 …n). 

To measure the extent of the capital market’s response to changes in the weather, a 

Markov Switching-Vector Autoregressive Model was applied. All analyses have been 

performed within the context of a VAR. The MS-VAR Model provides a flexible 

framework for modeling time series to regime shifts. MS-VAR can capture periods 

containing highly unanticipated events and can verify whether regime shifts occur in the 

interactions between variables, and how this occurs. Since oil and gas demands depend 

on seasonality, this study also pre-determines four regimes for the MS-VAR to test the 

relationship:  

Ri,t  =  αi,t +   βi,1X1,t  +   βi,2X2,t  + ei,t                i = 1, 2                                  (8.13) 

Ri,t  = Yi,t =  vi (st) + A1 (st) yt − 1 + A2 (st) yt − 2 + … + Ap (st) yt − p + εi,t               (8.14) 

 v (st) = vm;  Ap(st) = An,m; ∑ (st),= ∑m    for st =  m                   (8.15) 

 v (st ) =       v1   A1 (st ),    =       A 1                     if     (st) = 1               

                  : :          : : 

                  vm                A  m                     if     (st) = m  

where R   is returns, i is return subscript (1 = AOGI and 2 = Caltex); α is 

constants,  X1 and X2 are temperature and atmospheric pressure, e is error term; 

Ri,t  (Yi) is time series vector, v is an intercept,  ε is vector of residuals, n is the 

number of variables, m is the number of regimes and p is the number of lags, 

observed time and discrete-state stochastic processes of a hidden Markov chain.  
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The Markov-Switching Regression Model is defined as:    

Ri,t    =         Xt β1  + εt      εt|st   ~ NID (0,∑1)  if     (st) = 1                           (8.16) 

    Xt βm + εt         εt|st   ~ NID (0,∑m) if    (st) = m  

where Xt is a regressor matrix of exogenous  

The MS-VAR  Model of this study is the following:      

Ri,t     =       v1 + B11 yt − 1  + … + B p,1  yi,t - p +  A1 εt if     (st) = 1                           (8.17)             

               : : : :  

               vm + B1m yt−1    + … B p,m  yi,t – p  + Am εt if     (st) = m  

                                                                           

B is the parameters shift function. B = (β1, …,  βm) 

In the Markov-switching VAR Model the regime st = {1, ..., M} is assumed to be 

governed by a discrete time, discrete state Markov stochastic process characterized by 

the following transition probabilities: 

Pa,j = Pr (st+1 = j | st = a),                                             (8.18) 

The transition probabilities can be represented by the following transition matrix: 

  P =                                                                                      (8.19) 

where paM = 1 − pi1 – ... – pi  for a = 1, ..., M. A crucial assumption for the 

theoretical properties of MS-VAR models is that st follows an irreducible 

ergodic M state Markov process with transition matrix given by (8.19). 
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8.3 Descriptive Statistics and Pre-estimation Analyses 
8.3.1 Descriptive Statistics 

The descriptive statistics are presented in Table 8.1. The Jarque-Bera (J-B) statistics are 

used to test the null hypothesis that the data are from a normal distribution. All J-B 

statistics are greater than the critical value 5.99, and thus, the null hypothesis of 

normality is rejected.  In the financial time series, log returns of stock prices frequently 

deviate significantly from the density of the normal distribution.  The returns’ kurtosis 

of 14.94 for Caltex and 32.35 for the O&G exceeds considerably the normal distribution 

value of 3, which indicate that they are leptokurtic. However, the sample size is quite 

large, and skewness does not reach + 1.00.   

Table 8.1 

Descriptive Statistics of the Weather and Australian Market Equity Returns 

 
 Caltex 

R1 Return 

 

x 

 

 

 

X2 Pressure 

 

 

 

 

 

X1 Temp 

AOGI   

R2 Return 

 

 

X2 Pressure 

 

 

X1 Temp 

 
1983-2007 

 

1978-2007 

 Mean 

 

0.0005 

 

14.3627 21.215 

 

0.0003 

 

14.4474 21.173 

 
Median 

 

0.0000 

 

14.0000 21.000 

 

0.0000 

 

14.0000 21.000 

 
Std. Dev. 

 

0.0212 

 

4.9507 

 

4.2024 0.0140 

 

62.0000 

 

4.2546 

 
Skewness -0.9121 

 

0.2838 0.3276 

 

-1.1872 

 

0.2749 

 

0.3624 

 
Kurtosis 14.9337 

 

3.6358 3.2319 32.3491 

 

3.2088 

 

3.3501 

 
J –B 38530.17 

 

192.0986 

 

127.73 323503.2 

 

129.0618 241.85 

 
 

 

8.3.2 Dickey-Fuller and Phillips-Perron Tests  

The Markov switching model and its variants are suitable only for stationary data. Thus, 

the augmented Dickey-Fuller and Phillips-Perron tests search for a unit root in a time 

series sample. The calculated t-statistics and adjusted t-statistics are presented in Table 

8.2.                                    
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Table 8.2 

Unit Root Tests Results 

 
 Ri  Return 

 

X2 Pressure 

 

X1 Temperature 

CALTEX 
Augmented Dickey-Fuller test   -60.51                    -8.16                    -7.51 

Phillips–Perron Unit Root Test                   -80.82                    -59.50                  -70.61 

AOGI 
Augmented Dickey-Fuller test     52.53 -8.64 -7.88 

Phillips–Perron Unit Root Test                   -85.01 -71.16 -88.16 

 

The null hypothesis of a unit root has been rejected, which means that the variables 

return, temperature, and atmospheric pressure series do not have the unit root problem 

and the series are stationary series. The Phillips-Perron Unit Root test also rejects the 

null hypothesis of a unit root and indicates that the series area is stationary. 

 

8.4 Empirical Results 

8.4.1 The VAR, ARCH, and GARCH Models 
8.4.1.1 The VAR  

The VAR model is used to examine the dynamic response of the capital market to 

change in the weather-related variables. Also, this model is applied to understand the 

dynamic relationship over time among the variables and to improve the accuracy of 

results by utilizing additional weather-related information from the related variables. In 

preliminary analysis, to find an order of VAR, a number of lags were guesses, and the 

number of lags was set at 6.  

Results of estimating these equations for Caltex indicate that many of the lagged 

weather-related variables, except one (temperature (-6) daily, 0.000320, SE (9.2E-0.5), 

t-statistics (3.47) and another (temperature (-4) weekly, (-0.000291), SE (0.00019),       

t-statistics (-2.42014), are insignificant in each equation and should be left out of the 

model. For the Australian Oil and Gas Index the atmospheric pressure appears to be 

significant in two equations, on daily basis pressure (-1) (-6.89E-05), SE(2.2E-0.5),      

t-statistics (-3.12713) and on weekly basis temperature (-3) (0.000317), SE(0.00010),    
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t-statistics (3.13730) and temperature (-2) (-0.000213), SE(9.1E-0.5), t-statistics            

(-2.3445). 

 All other lagged variables are insignificant. Thus, all weather-related variables are left 

out of the models. Next, the selection of the appropriate VAR order is based on various 

selection criteria such as the Akaike Information Criterion (AIC) and Schwarz 

Information Criteria (SC). Table 8.3 shows the VAR lag order selection criteria. The 

AIC is 5.229, and other information criteria such as Hannan-Quinn information (HQ), 

sequential modified LR test statistic, and final prediction error (FPE) show that the 

preferred model is VAR (8) for Caltex and the Australian Oil and Gas Index. Also, the 

VAR model is used to estimate the impulse response. The VAR allow the data to 

determine the structure of a model dynamic. The generalized impulse response function 

and error variance decomposition allow the examination of the capital market’s 

dynamic response to change with the weather-elated variables and how the change in 

weather-related variables affect each other over time.  

Table 8.3 

Selection Criteria 

 

Lag LogL LR FPE AIC SC HQ 

CALTEX 

6 16568.77 84.65919 0.038143 5.247206 5.307958* 5.268245 

7 16529.39 78.49101 0.037779 5.237617 5.307962 5.261978 

8 16495.42 67.67654* 0.037482* 5.229736* 5.309673 5.257419* 

AOGI 

7 -26490.58 114.4762 0.075986 5.936420 5.988788* 5.954245 

8 -26460.12 60.74198* 0.075622* 5.931624* 5.991133 5.951879* 

 

* Indicates lag order selected by the criterion                  HQ: Hannan-Quinn information           

LR:  Sequential modified LR test statistic                        FPE: Final prediction error 

AIC: Akaike information criterion                                   SC:   Schwarz information  

The Caltex impulse response function indicates that the markets react slowly to small 

changes in the temperature and atmospheric pressure within 7 days, and complete its 

response at the end of day 10 (Figure 8.1).  In regard to the Oil and Gas Index, the 

capital market did not react to insignificant changes in temperature, but reacted to 

changes in atmospheric pressure (Figure 8.2). 
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Figure  8.1  Impulse Response, Caltex Limited 

            

Figure 8.2 Impulse Response, AOGI 

Table 8.4 reports the variance decomposition estimated over the 10-day period (10 

days) for the weather-related variables based on VAR.   

The estimating impact of the temperature and atmospheric pressure on Caltex’s returns 

appears to be a small source of volatility. The temperature contributes approximately 

0.22 percent of the volatility in returns on a daily basis. The atmospheric pressure’s 

contribution is lower on the daily basis (0.09 percent). The impacts of temperature and 

pressure on the Oil and Gas Index returns also are a small source of volatility. Results 

show that VAR captures only the trend and not fluctuations.  

 

Impulse Response to Temperature 

 Oil &Gas Index 
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Table 8.4 

Variance Decomposition (Daily Data) 

 

Period S.E. Rt Returns X2  Pressure  

 

X1 Temperature 

CALTEX 

1 0.021107 100.0000 0.000000 0.000000 

2 0.021160 99.93237 0.023256 0.0443107 

3 0.021160 99.93237 0.023256 0.044374 

4 0.021163 99.90828 0.025534 0.066187 

5 0.021168 99.88335 0.035291 0.081356 

6 0.021174 99.83439 0.078904 0.086707 

7 0.021189 99.70528 0.083624 0.211097 

8 0.021191 99.68656 0.092611 0.220827 

9 0.021191 99.68627 0.092873 0.220853 

10 0.021191 99.68626 0.092874 0.220870 

 AOGI 

1 0.013930 100.0000 0.000000 0.000000 

2 0.014029 99.89197 0.108026 5.95E-07 

3 0.014041 99.87420 0.107870 0.017931 

4 0.014045 99.86757 0.113947 0.018480 

5 0.014047 99.86219 0.119160 0.018651 

6 0.014049 99.84356 0.135719 0.020719 

7 0.014052 99.82278 0.139021 0.038200 

8 0.014054 99.81996 0.139044 0.040994 

9 0.014055 99.81948 0.139188 0.041337 

10 0.014055 99.81942 0.139210 0.041371 

 

 

8.4.1.2 ARCH and GARCH 

The presence of excess kurtosis, leverage effects, and volatility clustering indicates that 

the ARCH and GARCH modeling are appropriate. ARCH and GARCH models allow 

an examination of the weather variables without additional variables that are 

unavailable for the daily data. The EMH implies that (intra) daily quoted stock prices 

reflect all relevant new information reaching the market. The ARCH (p) model is used 

to explain the volatility in the returns, where the variance depends on the last volatility. 

But in general, variance can depend on a number of lagged volatilities (eight in this 

case). The daily parameters are presented in Table 8.5.  
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Table 8.5 

Autoregressive Conditional Heteroskedasticity ARCH (p)  

 
                                    R 2 Caltex                                               PERIOD  1983-2007 
 

Variable Coefficient Std. Error z-Statistic Prob. 

X2    Pressure  -0.000126 6.06E-05 -2.086242 0.0370 

X1   Temperature  7.79E-05 7.08E-05 1.100538 0.2711 

α     Constant    0.000798 0.001246 0.640482 0.5219 

 

L(4) 0.000474 1.43E-05 33.02896 0.0000 

L(5) 0.975429 0.002912 335.0104 0.0000 

L(6) 0.040953 0.003270 12.52377 0.0000 

L(7) 0.112967 0.011834 9.545721 0.0000 

L(8) 0.394928 0.044158 8.943430 0.0000 

Akaike info criterion -4.972257     Schwarz criterion -4.963740      Log likelihood 15782.49 

 
                                   R 1  Australian Oil and Gas Index          PERIOD  1973 – 2007 

 

Variable Coefficient Std. Error z-Statistic Prob. 

X1   Temperature  -8.02E-06 3.06E-05 -0.2625 0.793 

α     Constant  0.000535 0.000664 0.8047 0.421 

 

L(4) 0.000276 2.21E-05 12.5175 0.000 

L(5) 0.986088 0.002251 438.0873 0.000 

L(6) 0.081316 0.004110 19.7845 0.000 

L(7) 0.141009 0.006556 21.5070 0.000 

L(8) 0.102019 0.050197 2.0323 0.000 

 

 

Again, only atmospheric pressure appears to be significant in the Caltex daily returns. 

However, all models show that the error term is what causes volatility. The relatively 

small value of the error coefficient implies that large market shock surprises induce 

relatively small revisions in volatility. The ARCH (1.1), ARCH (1) + AR (1), ARCH 

(1.2) models are estimated to identify the capital market’s reaction to market “shocks” 

or “news” and presented in Table 8.6. All weather-related coefficients, including the 

constant, are insignificant in the AOG index daily returns from 1973 to 2007. 
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Table 8.6 

Autoregressive Conditional Heteroskedasticity: Results for AOGI 

 

PERIOD 1983 – 2007 

Variable          Coefficient                   Std. Error             z-Statistic                     Prob. 

   

ARCH (1.1) 

  

X2   Pressure   0.007678 0.003354 2.2900 0.022 

X1  Temperature   -0.005604 0.003966 -1.4100 0.158 

α    Constant     0.257578 1.354344 0.1900 0.849 

A1 ARCH (1) 0.292594 0.009525 30.7200 0.000 

k    Constant   1.167920 0.019489 0.5292 0.000 

ARCH (1) + AR (1) 

X2   Pressure   0.007759 0.0035211 2.2000 0.028 

X1   Temperature   -0.004415 0.0042939 -1.0300 0.304 

α   Constant   0.209486 1.4776000 0.8870 0.415 

φ   AR (1) 0.139557 0.011594 12.0400 0.000 

A1 ARCH (1) 0.292717 0.009919 29.5100 0.000 

k   Constant  1.149069 0.019540 58.8100 0.000 

ARCH (1.2) 

X2   Pressure  0.007298 0.0033381 2.1900 0.029 

X1   Temperature  -0.003395 0.004076 -0.8300 0.405 

α   Constant  0.4151638 1.265230 0.3300 0.743 

A1 ARCH (1) 0.283255 0.009008 31.4400 0.000 

A2 ARCH  (2) 0.116468 0.012345 9.4300 0.000 

k   Constant 1.012280 0.022091 45.8200 0.000 

However, ARCH (1.1) results indicate that from 1983 to 2007, atmospheric pressure 

became more significant 0.0077 (z = 2.2900), (p = 0.022), ARCH (1) + AR (1) 0.0077   

(z = 2.200), (p = 0.028), and ARCH (1.2)  0.0073 (z = 2.1900), (p = 0.029) models with 

1 lag. Only atmospheric pressure appears to be significant 6.06E-05 (z = -2.086),   (p = 

0.037), while the temperature and constant appear not to be significant in Caltex’s daily 

returns. For more informative results the oil and gas companies are compared from 1973 

to 2007 and from 1983 to 2007 and GARCH (1.1), GARCH (1.2), GARCH (2.1) 

models have been used. Table 8.7 and Table 8.8 show comparative results.  
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Table 8.7 

Generalised Autoregressive Conditional Heteroskedasticity: Results for Caltex 

 
PERIOD 1983 –2007 

Variable Coefficient Std. Error z-Statistic Prob. 

 

X2   Pressure  

 

-0.000125 

GARCH (1.1) 

6.07E-05 

 

-2.052360 

 

0.040 

X1   Temperature  8.71E-05 7.01E-05 1.222824 0.221 

α     Constant  0.000645 0.001237 0.521402 0.602 

Variance Equation 

k     Constant  2.57E-05 1.09E-06 23.54490 0.000 

A1     ARCH (-1)                 0.076024 0.002885 26.35081 0.000 

G1   GARCH(-1)                   0.868688 0.003658 237.4456 0.000 

GARCH (1.2) 

X2   Pressure  -0.000126 6.07E-05 -2.075236 0.038 

X1   Temperature  8.66E-05 7.06E-05 1.227059 0.219 

α     Constant  0.000628 0.001251 0.501959 0.616 

Variance Equation 

k     Constant  3.02E-05 2.21E-06 13.64147 0.000 

A1     ARCH (-1)               0.091355 0.006790 13.45341 0.000 

G1   GARCH(-1) 0.631263 0.066219 9.533029 0.000 

G2     GARCH(-2)                   0.212566 0.057235 3.713903 0.000 

GARCH (2.1) 

X2   Pressure  -0.000131 6.05E-05 -2.159697 0.031 

X1   Temperature  8.71E-05 7.04E-05 1.236532 0.216 

α     Constant 0.000650 0.001238 0.524977 0.599 

Variance Equation 

k     Consrtant 1.80E-05 1.08E-06 16.63559 0.000 

A1     ARCH (-1)                0.135680 0.010616 12.78082 0.000 

A2     ARCH (-2)                -0.076165 0.010384 -7.335151 0.000 

G1   GARCH(-1)                   0.901985 0.004331 208.2401 0.000 

 

 

Again, only atmospheric pressure appears to be significant in the Caltex daily return. 

However, all models show that the error term is what caused volatility. The relatively 

small value of the error coefficient implies that large market shock surprises induce 

relatively small revisions in volatility. 
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Table 8.8 

Generalised Autoregressive Conditional Heteroskedasticity: Results for the AOGI 

 
PERIOD  1973 – 2007 

 Variables                   Coefficient                Std. Error        z-Statistic                      Prob. 

GARCH (1.1) 

 

X2     Pressure  -3.79E-07               2.65E-07            -1.430689            0.152 

X1    Temperature  -9.32E-06                 3.07E-05             -0.303447           0.762 

α     Constant  0.000694                0.000671             1.034830           0.301 

Variance Equation 

k     Constant  7.36E-06                5.32E-07              13.85151            0.000 

A1    ARCH (-1)                 0.126501                0.002403             52.63814           0.000 

G1  GARCH (-1)                   0.845521               0.003525              239.8703           0.000 

GARCH (1.2) 

X1     Pressure  -3.47E-05               3.10E-05            -1.118071            0.263 

X2    Temperature  -1.43E-05                 3.66E-05             -0.389078           0.697 

α     Constant  0.000898                0.000659            1.0362555          0.173 

Variance Equation 

k     Constant  8.94E-06 7.00E-07 12.78057 0.000 

A1     ARCH (-1)                 0.170722                0.003316           51.48921          0.000 

G1  GARCH (-1) 0.290388               0.030546              9.596472           0.000 

G2  GARCH (-2)                   0.505516 0.030931 16.34316 0.000 

GARCH (2.1) 

X2     Pressure  -3.57E-05             3.09E-05            -1.152764               0.249 

X1    Temperature  1.83E-05              3.65E-05             0.502378               0.615 

α     Constant  0.000772             0.000657             1.174066              0.240 

Variance Equation 

k     Constant  -3.50E-06 3.74E-07 9.348498 0.000 

A1    ARCH (-1)                0.221173 0.005038 43.89935 0.000 

A2    ARCH (-2)               -0.145758 0.007027 -20.74109 0.000 

G1  GARCH (-1)                   0.912001 0.004742 192.3075 0.000 

PERIOD  1983 – 2007 

 

GARCH (1.1) 

X2   Pressure  0.003667 0.003300 -1.5700 0.046 

X1   Temperature  -0.001612 0.004131 -0.3900 0.696 

α   Constant  0.605658 1.243349 0.4900 0.626 

k   Constant  0.094307 0.009546 96.1600 0.000 

A1   ARCH (-1)               0.133800                0.004188              31.9500            0.000 

G1 GARCH (-1)                   0.816031                0.008485             96.1600          0.000 
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The constant and GARCH (-1) term, which are the prior period’s forecast variance, 

appear to be significant. The ARCH (-1) term, which describes news about volatility 

from the previous period and is measured as the lag of the squared residuals from the 

mean equation, is also highly significant. The ARCH (-2) term is significant.  

Even though all models produced the same result, GARCH (2.1) appears to be a better 

model and indicates that the Caltex investors react to weather changes on a daily basis. 

The pressure appears to be significant at 6.05E-05 (z = -2.1597), (p = 0.0308), while the 

temperature and constant are not significant in Caltex’s daily returns.  

All weather-related coefficients, including the constant, are insignificant in the AOGI 

daily returns from 1973 to 2007. However, pressure became significant, 0.004 (z = 

1.57), (p = 0.46) from 1983 to 2007 at 20 percent significance. The results indicate that 

the capital market is efficient and incorporates the news from the last and all previous 

periods for Caltex and for all oil and gas companies in the AOG index.   

 

8.4.2 Markov Switching Models MSIH (7)-VAR (1) and MSIAH (6)-VAR (1) 

To distinguish extent, speed and duration of the capital market’s response to shocks, 

including extreme phenomena, the MS-VAR model is employed. Before estimating the 

model, a single set of parameters was specified to determine changes in behaviour of 

share prices in each regime. The MS-VAR allows for a wide choice of specifications 

regarding the model’s parameters. The MS-VAR model allows for changes in mean, 

intercept, autoregressive coefficients, and variance. The model would refer to an MSI-

VAR only if the intercept was regime varying; model would refer to MSIH-VAR if, 

additionally, the variance is regime-dependent; model would refer to MSIAH-VAR if 

the autoregressive parameters also changed with the regime (Humala, 2003). More 

precisely: 

M = Markov-switching mean, 

I   = Markov-switching intercept term, 

A = Markov-switching autoregressive parameters, 

H = Markov-switching Heteroskedasticity. 
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The optimal number of regimes and lags are identified, based on the Akaike information 

criteria presented in Table 8.9. 

Table 8.9 

Akaike Information Criteria Value for Markov Switching Model 

 

 CALTEX AOGI 

MS –VAR MSIAH(6)-VAR(1) MSIH(7)-VAR(1) 

LOG-LIKE -14759.9 -11586.9 

AIC 4.6959 3.7105 

SIC 4.7468 3.7725 

HQ 4.84429 3.8896 

The log-likelihood, AIC, SIC and HQ criteria values for 2 to 8 regimes and 1 to 2 lags 

for temperature, atmospheric pressure, and the capital market returns of Caltex and the 

Oil Gas Index are examined and the Markov Switching MSIAH (6)-VAR (1) model for 

Caltex is selected.  For the Oil and Gas Index, the criteria suggest MSIH (7)-VAR (1) as 

the best model. 

However, concentrating only on the winter, spring, summer, and autumn (or 

seasonality) and weather fluctuations determine the value relevance of the weather-

related variables. Thus, a Markov switching model that combines four dynamic models 

via a Markov switching mechanism MSIAH (4)-VAR (1) with daily and weekly data 

sets reveals how capital markets incorporate weather conditions. Thus, the model with 

one lag, 4, 6 and 7 regimes, intercepts, autoregressive parameters, errors varying with 

endogenously defined regimes are considered for the empirical analyses. 

 

8.4.2.1 Regime Properties and Transition Probabilities  

Caltex’s estimated parameters of the MSIAH (6)-VAR (1) model and the Oil and Gas 

Index’s parameters of the MSIH (7)-VAR (1) model are based on a procedure 

developed by Krolzing (1997), which includes regime probabilities, transition 

probabilities, and coefficient parameters. Table 8.10 presents these for Caltex, and 
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Table 8.11 presents the Australian Oil and Gas Index (AOGI) probabilities, number of 

observations and duration of each regime.  

Table 8.10 

Regime Properties: Caltex, MSIAH (6)-VAR (1) 
 

Analyses of the regimes’ properties of Caltex indicate that about 25 percent of the time 

(24.1%) returns remained for a short time (3.3 days) in regime 5, less than 25 percent 

(21.9%) of the time; returns remained for a short duration (3.34 days) in regime 3. 

Returns remained about 20 percent of time (18.83%)  in regime 2, which had the longest 

duration (19.53 days), while the rest of the time, in regime 4, 14.65 percent of the time 

returns remained for a very short time (about 2 days), the same holds for regime 6 

(13.05%), and regime 1 (0.075%). The regimes’ characteristics indicate high volatility 

for Caltex’s returns. In general, result indicates that the capital market responded 

quickly and stayed in the regimes that lasted a short time (1 to 3 days) about 79 percent 

of the time. However, the market stayed in the regime number 2 for the longest duration 

(about 20 days) only 19 percent of the time.   

Also, the Caltex transition probabilities shown in Table 8.11 indicate that there are high 

probabilities of switching between regimes with short durations, which also are highly 

volatile.  Moreover, there is about 95 percent probability that regime 2, with longest 

duration (19.53 days) will remain unchanged. About 10 percent (0.0978%) of the time 

regime 1, with the shortest duration switches to regime 2, but 47% of the time regime 1 

will switch to regime 3 with 2.43 days duration. An increase in regimes 1, 2, 3 and 4 is 

associated with a decrease in regimes 5 and 6, but a clearer association appears from 

1994 to 2007.  

CALTEX 

 

Number Observations 

 

P Probability 

 

D Duration 

Regime 1 491 0.0747 1.52 

Regime 2 1147 0.1883 19.53 

Regime 3 1392 0.2190 2.43 

Regime 4 974 0.1465 1.99 

Regime 5 1519 0.2410 3.34 

Regime 6 

 

822 

 

0.1305 2.07 
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Table 8.11 

Transition Probabilities: Caltex, MSIAH (6)-VAR (1) 

 
P Regime 1 Regime 2 Regime 3 Regime 4 Regime 5 Regime 6 

Regime 1 

 

 

0.3438 0.0978 0.4727 0.0777 0.0000 0.0079 

Regime 2 0.0308 0.9488 0.0144 0.0048 0.0000 0.0012 

Regime 3 0.1327 0.0107 0.5893 0.2580 0.0089 0.0005 

Regime 4 0.0889 0.0000 0.3533 0.4976 0.0600 0.0002 

Regime 5 0.0000 0.0000 0.0005 0.0413 0.7003 0.2580 

Regime 6 0.0089 0.0000 0.0003 0.0033 0.4715 0.5160 

The analyses presented in Table 8.12 of the Oil and Gas Index’s regime properties 

indicate that less than one quarter of the time (22.19%), returns remained for a short 

time (2.31 days) in regime 6.   

Table 8.12 

Regime Properties: Australian Oil and Gas Index, MSIH (7)-VAR (1) 

 

In regime 2, about the same amount of time (21.72%), returns maintained the longest 

duration (24.59 days).  Regime 5 remained about 20 percent of time (18.40%) and had 

the shortest duration of 1.71 days. In regime 3 (17.77%) returns remained for duration 

of 3 days.  In regime 4 returns remained about 2 days, 12.21 percent of the time, and the 

rest of the time, regime 7 (6.65%) and regime 1 (1.06%) had returns that remained more 

than 3 days (3.3 days). 

AOGI Number Observation P Probability D Duration 

Regime 1 67.00 0.0106 3.22 

Regime 2 1359.20 0.2172 24.59 

Regime 3 1114.80 0.1777 3.00 

Regime 4 763.90 0.1221 1.95 

Regime 5 1173.20 0.1840 1.71 

Regime 6 1431.70 0.2219 2.31 

Regime 7  426.20 0.0665 1.39 
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Table 8.13 shows about a 96 percent probability that regime 2, with the longest duration 

of 24.6 days, remains static with less than 1 percent probability (0.79%) that regime 1, 

with more than 3 days duration (3.22 days), will switch to regime 2. However, the 

probability is 18.06 percent and indicates that regime 1 will switch to regime 4 with 

duration of 1.95 days, and an 11.87 percent probability shows that regime 1 will switch 

to regime 6 with duration of 2.31 days.  

Table 8.13 

Transition Probabilities: Australian Oil and Gas Index, MSIH (7)-VAR (1) 

 

As with Caltex, the transition probabilities of the Oil and Gas Index indicate high 

probabilities of switching between regimes with short durations, which are unstable and 

highly volatile. The regime probabilities and regime properties presented in Tables 8.11 

and 8.12 show that returns are unstable and very volatile, indicating the effects of 

seasonality or/and weekly cycles. The switching between short-duration regimes 1 and 3 

represent 47.27 percent of the time, regimes 3 and 4 (25.8%), regimes 5 and 6 (25.8%) 

and regimes 6 and 5 (51.6%) imply high volatility. Only 20 percent of the probability 

corresponds to regime 2 with the longest duration.  

Caltex’s graphical representation of the regime probabilities (Figure 8.3) shows a rapid 

switching between the down and up periods, which indicates a systematic variation in 

returns. Regime 1 represents a recession or bearish market, regimes 3 and 4 show 

recoveries, regime 2 is normal, and regimes 5 and 6 show that returns respond to the 

bullish market. Additionally, peaks indicate cyclical or seasonal behaviour in the series. 

The filtered regime probabilities can be understood as optimal inference using only the 

P Regime 1  Regime 2 Regime 3   Regime 4   Regime 5 Regime 6  Regime 7 

Regime 1 0.6898 0.0079 0.0021 0.1806 0.0009 0.1187 0.0001 

Regime 2 0.0000 0.9593 0.0132 0.0268 0.0000 0.0000 0.0006 

Regime 3 0.0026 0.0024 0.6668 0.3027 0.0035 0.0000 0.0220 

Regime 4 0.0155 0.0650 0.4293 0.4872 0.0000 0.0000 0.0030 

Regime 5 0.0033 0.0000 0.0175 0.0010 0.4144 0.5144 0.0493 

Regime 6 0.0015 0.0000 0.0031 0.0001 0.2733 0.5672 0.1549 

Regime 7 0.0000 0.0058 0.0000 0.0130 0.6989 0.0019 0.2803 
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current information up to time t. “Smoothed” probabilities of being in state 1 or 2 are 

based on the full information in the sample, where t =1,….T. 

 

Figure 8.3  Regime Probabilities of Caltex, MSIAH (6)-VAR (1) 

The graphs (Figure 8.4) that represent the Oil and Gas Index regime probability also 

show strong seasonality and/or weekly cycles, but less volatility compared to Caltex.  

 

Figure 8.4   Regime Probabilities of AOGI, MSIH (7)-VAR (1) 
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The Oil and Gas Index and Caltex graphs also indicate the periods where financial 

distress or extreme weather events occurred. However, this high volatility makes it 

difficult to identify these in Caltex’s graphs. 

 

8.4.2.2 Regime Coefficients  

Caltex’s estimated parameters MSIAH (6)-VAR (1) model are presented in Table 8.14. 

The Oil and Gas Index is based on MSIH (7)-VAR (1) model; thus, the coefficients are 

not regime dependent. The parameters provide information on sensitivity of Caltex’s 

returns to temperature and atmospheric pressure changes.  

 Table 8.14 

Regime Coefficients of Caltex and AOGI  

 

CALTEX       MSIAH (6)-VAR (1) 

X2  Pressure  

S4   Regime (4) 

0.0001 

[2.22286] (0.000) 

X1 Temperature  Insignificant 

AUSTRALIAN OIL &GAS INDEX    MSIH (7)-VAR (1) 

X2  Pressure  Not regime dependant 

X1  Temperature  Not regime dependant 

St error in ( ), t-stat in [ ]  

 

The only coefficient that is statistically significant is pressure (0.0001) in regime 4, 

correlation (-0.0362), standard errors (0.000), and t-value (2.20086) based on daily data. 

Thus, empirical results indicate that Australia’s weather–related information is value 

relevant, and investors incorporated this information for investment in Caltex Limited 

refining company. However, only daily barometric pressure that actually signals change 

in the weather is significant, but the regression coefficient is too small. Moreover, the 

sensitivity of weather–related events on Caltex’s returns to change in the temperature 

does not appear to be significant. However, only an abnormal temperature could have 

an impact on the demand, prices, and hence on the returns. Thus, the results suggest that 

a four-regime Markov Switching model is appropriate for the further investigation. 
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8.4.2.3 Impulse Response Analysis  

Caltex, based on the MSIAH (6)-VAR (1) model, produced no impulse response.  The 

impulse-response analysis, based on the Markov switching model, is performed to 

further investigate the speed and duration of the Oil and Gas Index returns’ response to 

temperature and atmospheric pressure changes. The results of the impulse response 

analysis show that the Oil and Gas Index immediately responded within the first day in 

all 7 regimes to the temperature and atmospheric pressure shocks, and the response was 

completed within 4 days.  

 

8.4.3 Markov Switching Model MSIAH (4)-VAR (1)   

MS–VAR model provides useful descriptions of economic and climate series by 

decomposing the observed series at different time points into level, growth, seasonal, 

and irregular components. To capture the seasonality of oil, gas, and petroleum demand, 

weather extremes, cycles, and trends, a four-regime Markov switching model with one 

lag is employed. Thus, MSIAH (4)-VAR (1) was applied to empirically determine how 

the capital market incorporates weather conditions in the stock valuation process.  

The MSIAH-VAR model allows for change in mean, intercept, autoregressive 

coefficients, and in variance. The MSI-VAR model, if only the intercept is regime 

varying, MSIH-VAR, if the variance is regime–dependent, and MSIAH-VAR if the 

autoregressive parameters also are changed with regime (Humala, 2003, p.1), where: 

1. “MS” is a Markov-switching mean,  

2. “I” is Markov-switching intercept term,  

3. “A” is a Markov-switching autoregressive parameter, and 

4. “H” is Markov-switching heteroskedasticity. 
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8.4.3.1 Regime Properties and Transition Probabilities  

Caltex’s and Oil and Gas Index’s estimated parameters of the MSIAH (4)-VAR (1) 

model also are based on a procedure developed by Krolzing (1997), which include 

regime probabilities, transition probabilities, and parameters of coefficients. Table 8.15 

presents the Caltex and Oil and Gas Index probabilities, number of observations, and 

duration of each regime.  

Table 8.15  

Regime Properties of Caltex and AOGI 

 

The analyses of the regimes’ properties are based on daily data for Caltex, and indicate 

that about 40 percent of the time (39.1%) returns stayed for a long time, about 5 days 

(4.7) and 4 days (4.2) in regimes 2 and 3 respectively. However, more than one quarter 

of the time (13% and 15%), returns stayed with shorter durations about 1.5 (1.49) and 2 

days (1.89) in regimes 1 and 4 respectively. The results of the regime’s probabilities 

based on daily data for the Oil and Gas Index appear to be similar to Caltex’s.  The 

analyses indicate that about 42 percent of returns stay longer (71.42) in regime 2, and 

also 42 percent of the time, stay shorter (5.93) in regime 3, about 13 percent (12.73) of 

 N Obs P Prob D Duration  R Return N Obs P Prob D Duration R Return 

CALTEX   AOGI  

                                            Daily Data 

Regime 1 774.80 0.1228 1.49 0.1034 217.70 0.0335 3.44 -0.1946 

Regime 2 2446.00 0.3911 4.69 0.0478 2633.00 0.4192 71.42 0.0671 

Regime 3 2158.80 0.3360 4.20 0.0561 2674.10 0.4200 5.93 0.0459 

Regime 4 965.30 0.1501 1.89 0.0219 811.20 0.1273 1.72 -0.0113 

Weekly Data 

Regime 1 143.00 0.1123 1.35 -0.3126 389.20 0.3080         5.96      0.1150 

Regime 2 546.30 0.4328 17.25 0.0996 229.60 0.1839         9.20      0.0949 

Regime 3 448.30 0.3528 3.01 0.0813 491.80 0.3895         5.15     -0.0165 

Regime 4 130.30 0.1020 1.35 -0.0653 150.40 0.1186         1.22     -0.0375 

Average Weekly Data 

Regime 1 50.50 0.0401 1.06 0.1845 106.20 0.0846         5.57     0.1362 

Regime 2 611.10 0.4849 10.35 0.0584 480.70 0.3857       14.79     0.0819 

Regime 3 357.80 0.2818 5.33 0.0927 402.90 0.3164         7.09   -0.0325 

Regime 4 48.60 0.1932 4.81 -0.0800 271.10 0.2133         4.71     0.0606 
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the time stay in regime 4 for 2 days (1.72), and only 3 percent of the time stay in regime 

1 for 3.5 days (3.44). 

The analyses based on weekly (Wednesday) data reveal that about 43 percent of Caltex 

returns stay the longest time (17.5 weeks or 1 season), 35 percent of the time stay in 

regime 3 for 3 weeks, and about 10 percent of the time stay in regime 1 and 4 more than 

1 week (1.3).  However, the Oil and Gas index weekly (Wednesday) data show that 

returns stay about 30 and 38 percent of time in regime 1 and 3 for 6 and 5 days 

respectively. Returns stay longer, about 18 percent of time (9.2 weeks or 2.3 months) in 

regime 2 and 12 percent of the time stay only for 1 week (1.22). 

The results based on average weekly data are different from weekly (Wednesday) for 

Caltex and the Oil and Gas Index. For the longest period of time, about 48 percent of 

Caltex’s, and 38 percent of the Australian Oil and Gas Index’s returns, remain in regime 

2 with about 28 and 32 percent, respectively, of the returns stay in regime 3. Also, about 

20 percent of returns for both Caltex and the Australian Oil and Gas Index remain in 

regime 4 for about 5 days. The shortest period of time (1.06 weeks) and (5.57 weeks) 

Caltex’s and Oil and Gas return stay in regime 1. In general, the regime 2 is the longest 

and more stable regime for Caltex and Oil and Gas companies, while 1 and 4 are the 

shortest and most volatile. 

Table 8.16 shows that daily, weekly (Wednesday) and average weekly returns are long 

and relatively stable in regime 2 for Caltex and Oil and Gas Index, and reflect 

seasonality. There is a high probability of switching between short duration regimes 3 

and 4 with short duration for Caltex and the Oil and Gas companies.  
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Table 8.16 

Transition Probabilities of Caltex and AOGI 

 

Figure 8.5 provides a graphical representation of the regime probabilities for Caltex 

based on weekly (Wednesday) data, which shows several seasonality cycles; mean 

reversion and spikes are typical of oil and gas prices and returns. Spikes are usually 

explained either by unexpected political or economic world events, outages of large 

plants or unpredicted changes of weather conditions. The AOGI’s graphical 

representation of regime probabilities, based also on weekly data and (Figure 8.6) shows 

strong seasonality, mean reversion, and spikes. Regime 1 reflects more volatility 

indicating weekly, monthly, and yearly seasonality.  

Also, the AOGI includes domestic and multinational companies that operate around the 

world and are affected by different weather, political, or economic events. Caltex’s and 

the AOGI’s graphics of the regime probabilities based on daily and average weekly data 

(Figures 8.7, 8.8, 8.9, and 8.10) show a seasonal pattern on different scales (yearly, 

weekly, and daily). Spikes appear at times of high oil and gas demand (e.g., cold 

weather) and limited production capacity. However, daily data show strong weekly 

price cycles, a “Thursday” effect, and sensitivity to weekdays and holidays. 

P Regime 1 Regime 2  Regime 3 Regime 4 Regime1 Regime 2 Regime 3 Regime 4 

 CALTEX  

 

  AOGI 

Daily data 

Regime 1 0.3276 0.6474 0.0054 0.0197 0.7093 0.0210 0.0704 0.1994 

Regime 2 0.2066 0.7866 0.0050 0.0018 0.0019 0.9860 0.0000 0.0121 

Regime 3 0.0004 0.0112 0.7617 0.2267 0.0161 0.0042 0.8313 0.1485 

Regime 4 0.0109 0.0015 0.5158 0.4718 0.0173 0.0268 0.5380 0.4180 

Weekly Data 

Regime 1 0.2611 0.0928 0.5623 0.0838 0.8321 0.0569 0.0031 0.1079 

Regime 2 0.0355 0.9420 0.0020 0.0205 0.1058 0.8913 0.0021 0.0008 

Regime 3 0.1323 0.0376 0.6679 0.1622 0.0242 0.0063 0.8059 0.1636 

Regime 4 0.2052 0.0139 0.5213 0.2596 0.1926 0.0000 0.6258 0.1816 

Average weekly data 

Regime 1 0.0527 0.6511 0.1824 0.1139 0.8203 0.1408 0.0387 0.0002 

Regime 2 0.0728 0.9034 0.0166 0.0072 0.0195 0.9324 0.0000 0.0480 

Regime 3 0.0000 0.0735 0.8125 0.1140 0.0242 0.0325 0.8589 0.0845 

Regime 4 0.0138 0.0002 0.1940 0.7920 0.0001 0.0182 0.1939 0.7878 
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 Figure 8.5  Regime Probabilities of Caltex (Weekly), MSIAH (4)-VAR (1)   

 

Figure 8.6  Regime Probabilities of the AOGI (Weekly), MSIAH (4)-VAR(1)   
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Figure 8.7  Regime Probabilities, Caltex (Daily Data) 

 

Figure 8.8  Regime Probabilities, AOGI (Daily Data) 
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Figure 8.9 Regime Probabilities, Caltex (Average Weekly Data)  

 

Figure 8.10  Regime Probabilities, AOGI (Average Weekly Data) 

 



219 

 

8.4.3.2  Regime Coefficients  

Caltex’s estimated parameters of MSIAH (4)-VAR (1) model are presented in Table 

8.17. The parameters provide information on the sensitivity to changes in temperature 

and atmospheric pressure of Caltex and the Oil and Gas Index returns.  The only 

coefficients that are statistically significant are those based on weekly (Wednesday) 

data.   

Table 8.17 

Estimated Regime Coefficients of Caltex and AOGI: MSIAH (4)-VAR (1) Model 

 
 Daily data 

 
Weekly (Wednesday) 

 
Average weekly  

 

CALTEX                    MSIAH (4)-VAR (1) 

 

X2  Pressure  

SE in ( ), t-stat in [ ] 

Insignificant Regime 4 

-0.0006 

[-1.6651] 

(0.0004) 

Insignificant 

 

X1  Temperature  

SE in ( ), t-stat in [ ] 

Insignificant Regime1           

 0.00250  

[2.0736] 

(0.0012) 

Regime 3 

0.0004 

[2.0390] 

(0.0002) 

OIL &GAS INDEX      MSIAH (4)-VAR (1) 

X2  Pressure  

SE in ( ), t-stat in [ ] 

Insignificant Regime 4 

-0.0007 

[-2.0622] 

(0.0004) 

Insignificant 

X1  Temperature  

 

SE in ( ), t-stat in [ ] 

Insignificant Regime 2 

-0.0007 

[-2.9248] 

(0.0002) 

Regime 4 

0.0010 

[2.0328] 

(0.0005) 

Insignificant 
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Pressure and temperature appear to be significant in regimes 1 and in regime 4, which 

are volatile and of short duration. However, the coefficient is significant in stable 

regime 2, which reflects seasonality for oil and gas companies. Also, temperature based 

on Caltex’s weekly average data appears to be significant in stable regime 3. 

 

8.4.3.3  Impulse Response Analysis  

The impulse response analyses of Caltex and the Oil and Gas Index’s weekly 

(Wednesday) data indicate that the companies responded immediately during week 1 

(see Figures 8.11 and 8.12).  

 

Figure 8.11 Impulse Responses, Caltex (Weekly, Wednesday Data) 



221 

 

The impulse-response analysis based on the Markov switching model is performed to 

further investigate the speed and duration of the response of the Oil and Gas Index and 

Caltex refining company returns to temperature and atmospheric pressure. The results of 

this analysis show that Caltex and the Oil and Gas Index immediately responded to the 

temperature and atmospheric pressure shocks within the first week (and sometimes the 

first day) in all 4 regimes, and was completed within the first weeks (or in some case, 

the first few days).  

 

Figure 8.12   Impulse Responses, AOGI (Weekly Wednesday Data) 
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8.5 Discussion  

The most advanced econometrics models ― the Vector Autoregressive, Autoregressive 

Conditional Heteroskedasticity and Generalised Autoregressive Conditional 

Heteroskedasticity ― were applied to test the value relevance of weather information in 

terms of their effects on stock prices.  The empirical results indicate that Australia’s 

weather-related information was value relevant, and investors incorporated this 

information in their investment decisions across the AOG index and refining company 

Caltex Limited. However, only daily atmospheric pressure, which signals a change in 

the weather, was found to be significant, but the regression coefficients are too small.  

The VAR analysis shows that the market reacted to changes in temperature for Caltex. 

However, the capital market in general for investors in the Australian Oil and Gas 

companies slowly reacted to the small changes in temperature, but responded quickly to 

weather changes. The Australian Oil and Gas Index includes large multinational 

companies that operating in Australia and globally and hence, are affected by different 

weather conditions across the globe. Investors appeared to recognize that only 

significant changes in weather like a severe storm or hurricane, could affect oil and gas 

production, supply, and demand.  

The ARCH effects indicate that the capital market efficiently reacted to “shocks” and 

“news,” but the GARCH effects show that the volatility over time was more significant 

for Caltex’s investors than for AOGI. The results from the ARCH and GARCH models 

also show that atmospheric pressure is significant and that weather changes affected the 

share prices of oil, gas, and refining companies. Moreover, the impact of atmospheric 

pressure on the oil and gas industry’s returns was more significant between 1983 and 

2007 than between 1973 to 2007, which could indicate that the weather changed around 

the world more rapidly and severely from year 1983.  

Temperature change usually impacts the supply and demand for oil, gas, and petroleum 

and, hence, the sale prices in turn should affect their earnings and share prices. 

Surprisingly, the empirical results of the ARCH and GARCH models show that capital 

markets, when making decisions on investing in weather-sensitive companies, do not 

incorporate the temperature into their analysis. The results of this study are consistent 
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with Cao and Wei’s (2005) and Worthington’s (2006) conclusions that temperature was 

not a significant factor in the weather effect and Australia investing. Worthington 

concluded that that empirical work of this type is complicated by the strong seasonality 

and inertia of both equity markets and weather conditions (2006). 

The MS-VAR models ― MSIAH (6)-VAR (1), MISH (7)-VAR (1), MSIAH (4)-VAR 

(1) ― captured the seasonality of oil, gas and petroleum demand, weather extremes, 

cycles and trends and the periods containing highly anticipated events. Caltex’s regime 

probabilities and the regime properties of MSIAH (6)-VAR (1) show that the returns are 

volatile and are influenced by seasonality and/or cycles.  The Australian petroleum 

market is highly competitive at both the retail and wholesale levels. The key points in a 

cycle include the following: 

1. Through – The lowest average daily price following a peak, 

2. Peak – The highest average daily price after a trough, 

3. Price Cycle length – The number of days between two troughs, 

4. Variation (or Amplitude) of a price cycle – The difference in price between the 

peak and trough. 

Commodity prices are prime examples of assets that are characterized by regime-

switching behaviour. Significant relationships exist between market returns, profits, 

price, demand, weather, political and natural disaster events among other factors.  

Historically, retail prices have followed a discounting cycle (called a “saw-tooth 

pattern”), which typically ranges from 0 to 10 cents from peak to trough, and which 

occurs on a weekly basis.  

The Australian Competition and Consumer Commission (ACCC)  has found that 

discounting cycles favour the consumer, with over 60 percent of petrol sales below the 

average price cycle price. More recent analysis, conducted by Caltex, also confirms that 

consumers continue to benefit from the price cycle. The typical saw-tooth pattern of the 

Australian retail petroleum cycle that this study identified is: 

1. The most common day for petroleum prices to peak – Thursday, 

2. The most common day for prices to trough – Tuesday, 
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3. Prices never both peaked and troughed on the same day, 

4. The average cycle’s length was 5 to 7 days. 

Moreover, this study found no significant irregularities in the general cyclical patterns 

before public holidays or following a major market event such as Hurricane Katrina. 

This fact is confirmed in the ACCC’s report submitted to the U.S. Senate Inquiry.  

Hurricane Katrina’s impact on the price cycle resulted in a significant increase in the oil 

and petroleum price.  The first peak was on Thursday following Hurricane Katrina, by 7 

cents per litre, which did not change until the following Sunday. The 2
nd

 peak on the 

following Thursday rose also by 7 cents and decreased at the end of the week by 1 cent 

(AIP, 2006), then the cycle continued. The world major oil companies (Caltex, BP, 

Mobil, and Shell) operate all of the petroleum companies and refineries in Australia, 

and they handle a large proportion of the wholesale fuel market and a part of the retail 

market. Thus, the retail market influences the wholesale market as well, and is reflected 

in oil and gas share prices. 

All graphs (Figure 8.8 and Figure 8.10) of the MSIAH (6)-VAR (1) that represent the 

Australian Oil and Gas Index regime probability, and also show strong seasonality 

effects and/or weekly cycles, but less volatility compared to Caltex. The Oil and Gas 

Index and Caltex graphs also show periods where financial distress or extreme weather 

events occurred. However, this high volatility makes it difficult to identify in Caltex’s 

graphs.  

Also, the graphs show that some events seem to have caused an aftershock in the 

markets. For example, graphs show the first global energy crisis of the 1970s and 1980s; 

a collapse of the oil market between years 1985 and 1986, and the Australian capital 

market crisis in 1987. In 1989, Exxon’s Valdez tanker spilled 11 million gallons of 

crude oil into Alaska’s waters is appeared as spike. Graphs indicate the Asian financial 

crisis of 1997 and the Russian financial crisis of 1998. The September 11, 2001 terrorist 

attacks in New York, followed in 2005 by Hurricane Ivan, tropical storm Cindy and 

Hurricanes Dennis, Katrina, and Rita are associated with failing regime probabilities.   

While prices have trended upwards for the last few decades (e.g., extremely cold 

winters occurred in 1987 in Europe and in the United States, which was struck again by 
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a frigid winter in 2003), unanticipated events such as natural disasters (Hurricanes) and 

civil unrest and war (e.g., in the Middle East) can still have a huge short-term impact on 

world oil prices and, hence, on oil and gas company returns. This study found a high 

volatility in the 1980s for regimes 3 and 4. The Arab Oil Embargo in 1974 caused the 

first global energy crisis and revealed how panic for such a vital resource can cause 

considerable economic and geopolitical crises. This study also demonstrated how even a 

small over or under supply can cause price fluctuations of 50 percent or more, wreaking 

havoc on oil markets and the broader stock indexes, and rendering entire national 

budgets unsustainable.  Regimes 5, 6, and 7 indicate how the returns increased due to 

increases in oil prices from 1970s to 2007, especially from 2004. 

From the mid-1980s to the present, real supply and demand of oil and gas products 

largely corresponded. However, oil prices have fluctuated wildly from as low as $10 per 

barrel to higher than $100 per barrel in that same period. But any unexpected event ― 

such as news of a winter month 2°C warmer than usual, an economic crisis, or the threat 

of a terrorist bombing ― could result in a significant drop or increase in the price of oil, 

virtually overnight, and hence a corresponding drop or increase in profits and returns.   

The Australian Oil and Gas Index’s impulse response analysis of MSIH (7)-VAR (1) 

shows that oil and gas companies immediately responded to temperature and 

atmospheric pressure changes. Caltex’s regime coefficient of MSIAH (6)-VAR (1) 

suggests that only atmospheric pressure is significant in a short 2-day regime (4) and 

indicates that the capital market reacted quickly to the weather change. Since only the 

pressure in regime 4 appears to be significant, MSIHA (4)-VAR (1) was selected for 

further analysis.  

The regime probabilities indicate that returns of the Oil and Gas Index stay longer (14 

weeks) in regime 2 and reflect the effects of seasonality arising from winter, spring, 

summer, and autumn when temperature appeared to be significant for the investors. 

Results indicate that a change in the temperature results in an increase in the returns of 

oil and gas companies. The change in the pressure in regime 4 (short 1 week duration) 

reflects the change in the weather and temperature and indicates that the capital market 

is efficient. The regime probabilities show that Caltex’s returns are more stable in 

regime 2 (10 weeks duration) and reflect seasonality effects. Results indicate that 
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atmospheric pressure is an important consideration for investment decisions in Caltex. 

Since results are significant in regime 4 (1.89 days duration), apparently, investors 

reacted to the change in atmospheric pressure in 1 to 2 days, and reacted in 1 to 2 weeks 

to temperature changes within a season. The results of the impulse response analysis 

show that investors in Caltex and Australian Oil and Gas Index firms responded to 

temperature and atmospheric pressure shocks within the first week (or day) in all four 

regimes and was completed within first weeks (or days). 

 

8.6 Summary and Conclusion 

This study’s empirical results support its hypothesis and prediction that Australian 

weather-related information is value-relevant and that rational investors appropriately 

price weather information. The results also confirm the existence of a significant 

relationship between weather conditions and stock returns. Again, the results support 

this study’s hypothesis and prediction that, on a daily basis, these relationships are not 

significant for the Australian Oil and Gas Index, which includes multinational 

companies located and operating across the globe. However, these relationships are 

significant on a longer-term basis.  

The weather always plays a significant role in the business activities of the weather-

sensitive oil and gas sector. Weather and global climate change can affect the price and 

volume of the oil and gas that is refined. Moreover, oil and gas consumption fluctuates 

with changes in seasonal weather conditions. Businesses’ and customers’ reactions to 

weather influence their use of energy and thus, energy demand in the short, medium, 

and long term. Thus, oil and gas firms are subject to a greater degree of weather risk and 

to significant variances in earnings, making it necessary for investors to integrate 

weather-related information into a stock’s market assessment. Table 8.18 presents a 

summary of the empirical results. 
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Table 8.18 

Summary of Results: Value Relevance of Weather 

The Value Relevance of Weather: The Australian Oil and Gas Industry 

Proposition 2.1  

 

 

 

Hypothesis 2.1  

 

 

 

Empirical Results 

 

VAR 

 

Impulse Response 

 

 

 

 

 

 

Variance 

Decomposition  

 

 

ARCH (p)  

 

 

ARCH(1,1) 

ARCH (1) +AR(1) 

ARCH(1,2) 

 

 

GARCH (1,1) 

GARCH (1,2) 

GARCH (2,1) 

 

 

GARCH (1,1) 

 

GARCH (1,2) 

GARCH (2,1) 

 

 

MSIAH(6)-

VAR(1) 

MSIAH(4)-

VAR(1) 

 

 

MSIH(7)-VAR(1) 

MSIAH(4)-

VAR(1) 

  

In an active efficient market dominated by a large number of rational investors, 

share prices of weather-sensitive oil and gas companies are appropriately priced 

and reflect news (new information) on weather conditions. 

 

A significant positive/negative relationship exists between weather and the market 

value of Caltex, and furthermore, and a less significant relationship exists between 

Australia’s weather-related variables and AOGI stock returns. 

 

Return = F (temperature, pressure) 

 

Temperature and pressure are significant 

 

Caltex 

Investors reacted slowly to small changes in  temperature and pressure (7-10 days) 

 

AOGI 

Investors reacted quickly to changes in pressure and did not reacted to change in 

temperature 

 

Caltex  and AOGI 

Variance decomposition estimated over 10 days for temperature and pressure 

 

Caltex  

Pressure  -0.0001 (t = -2.0862)                                     Temperature - not significant 

 

AOGI 

Pressure  0.0077  (t = 2.2900)                                       Temperature - not significant 

Pressure  0.0078  (t = 2.2000)                                       Temperature - not significant 

Pressure  0.0072  (t = 2.1900)                                       Temperature - not significant 

 

Caltex 

Pressure -0.00012 (t = -2.0524)                                    Temperature - not significant 

Pressure -0.00012 (t = -2.0752)                                    Temperature - not significant 

Pressure -0.00013 (t = -2.1596)                                    Temperature - not significant 

 

AOGI 

Pressure -3.79E-07 (t = -1.4306) years 1973-2007      Temperature - not significant 

               0.0037  (t = -1.5700) years 1983-2007 

not significant 

not significant 

 

Caltex 

Pressure 0.0001 (t = 2.2229) regime 4 (daily)              Temperature - not significant 

Pressure 0.0006 (t = -1.6651) regime 4 (weekly)          0.0025 (t = 2.0736), regime1           

 

AOGI 

Pressure not regime dependent                                 Temperature - not dependent 

Pressure -0.0007 (t = -2.0622) regime 4                     Temperature -0.0007 (-2.9248) 

                                                                                   regime 2 
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Chapter 9 

Empirical Analyses – The Value Relevance of Climate 

Change and GHG Emissions
29

 

 

9.1 Introduction 

The main goal of this study is to empirically examine the value relevance of climate 

change and greenhouse gas emissions in the context of the Australian oil and gas 

industry (as discussed in Sections 6.3.3 and 6.3.3.1). The purpose of this study is to 

examine the reciprocal relationship between the Australian oil and gas industry and 

climate change, and the consequent effect of this relationship on the market value of the 

oil and gas industry, which is significantly affected by climate change and significantly 

responsible for carbon emissions, and hence, climate change. This study asks, to what 

extent does the capital market incorporate weather and climate change information in 

stock valuations of Australian oil and gas industry firms?   

To answer the main research question, this study empirically investigates the impact of 

climate change on the oil and gas industry arising from interdependent relationship 

between oil and gas industry and climate change. Since extreme events impact both oil 

and gas demand and supply more dramatically than less extreme events, this study 

proposes that: 

Proposition 3.1 A long-term significant relationship exists between climate 

change and stock returns of Australian oil, gas, and refining 

companies.   

                                                           
29

 Parts of the chapter appeared in two articles. The article entitled “The Value Relevance of Climate Change and 

GHG Emissions: Evidence from the Australian Oil and Gas Industry” (S.Vlady) was presented at American 

Accounting Association 2009 Annual Meeting in New York City, U.S.A., and also published in the Oil, Gas & 

Energy Quarterly, U.S.A., V 58, N 4, June, pages 641-674. 

 

Another article “How Climate Change and GHG Emissions Affect Stock Equity Prices: The Oil and Gas Industry 

Compared with the Australian Market” (S.Vlady) was presented at American Accounting Association Northeast 2009 

Annual Meeting, Cambridge, MA, U.S.A.  
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Hypothesis 3.1 Climate change variables are negatively or positively associated 

with stock returns of the AOGI and Caltex for the last 25 years. 

This study assumes that in the long run the capital market shows a concern for 

industries’ environmental impact, and that investors are rational and interested in 

maximising their long-term returns on their investments. Thus, this study proposes: 

Proposition 3.2 A long-term significant relationship exists between GHG 

emissions and the market value of the oil and gas industry. If an 

increase in GHG emissions is associated with a decrease in share 

prices, then the capital market negatively reacts to GHG air 

pollution. 

Hypothesis 3.2 A significant long-term positive or negative relationship exists 

between CO2 variables and stock returns of the AOGI and Caltex.  

Some authors believe that the financial markets favour high short-term earnings over 

longer-term “eco-efficient” returns and that investors ignore the future, whereas 

investors who subscribe to sustainable development look to the future (Schmidheiny & 

Zorraquin, 1996). This study assumes that investors are rational and proposes that: 

Proposition 3.3 A long-term significant relationship exists between climate 

conditions, GHG emissions, and the market value of the 

Australian oil, gas, and refining companies.   

Hypothesis 3.3 CO2 emissions and climate change variables are in significant 

positive or negative relationship with stock returns of the AOGI 

and Caltex during the last quarter of a century. 

Proposition 3.3.1 In an active efficient market, rational investors were interested in 

maximizing their risk-adjusted stock returns before the 

introduction in 1992 UNFCCC. 
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Hypothesis 3.3.1 A significant positive relationship exists between the CO2 

variable and stock returns of the Australian oil and gas industry 

for the period from year 1983 to year 1992. 

, Proposition 3.3.2 In an active efficient market, most rational investors are 

interested in the environmental aspects of their investments. 

Furthermore, most rational investors are concerned about the 

effects of climate change and GHG emissions following the 

introduction of the 1992 UN FCCC and the 1997 Kyoto Protocol 

policies 

Hypothesis 3.3.2 A highly significant negative relationship exists between CO2 and 

stock returns of the AOGI and Caltex. Moreover, a significant 

negative relationship exists between climate change variables 

and share prices for the period 1992 to 1997 following 1992 UN 

FCCC and for the period 1997–2006 following Kyoto Protocol 

policies. 

 

9.2 Data and Descriptive Statistics 

These analyses cover the period from January 1983 to July 2006, to test hypotheses 3.1- 

3.3 and to examine the effect on market value of the oil and gas industry arising from 

interaction between climate and the oil and gas industry. For comparison purposes and 

more robust results, a total of 6,130 Oil and Gas Index and Caltex Limited daily returns, 

climate-related data, and carbon dioxide emissions data have been utilised. For more 

informative results, a total of 1,791 weekly (Wednesday) and 283 monthly weather-

related variables were used to examine the effect of climate change on the market value 

of the oil, gas, and refining companies.  

To investigate how the capital market incorporates climate change and GHG emission 

information in the valuation process and test hypotheses 3.3.1 and 3.3.2, data such as 

return on investments, temperature, atmospheric pressure, humidity, change in global 

temperature, Australian CO2 levels, and global CO2 levels are selected.  
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 A total of 2,453 and 3,677 daily returns, climate-related data, Australian CO2 and 

returns of All Ordinaries, S&P/ASX 200 and Oil and Gas Indexes, and of Caltex from 

January 1983 to July 2006 and January 1992 to July 2006 are applied to reveal whether 

the capital market incorporates climate change information differently for the weather-

sensitive oil, gas, and refining companies. 

Respectively, a total of 2,453, 1,033 and 1,481 daily climate-related data, Australian 

CO2 and returns of the Oil and Gas Index and Caltex for 1983 to 1992, 1992 to 1997 

and 1997 to 2006 were applied to reveal how the capital market incorporates climate 

change and CO2 emission data following the introduction of GHG-mitigation policies in 

year 1992 and in year 1997. A total of 182 and 120 monthly climate-related data, 

Australian CO2 and global CO2 and change in the global temperature are applied to 

examine the value relevance of climate change and GHS emissions from 1992 to 2006.  

Sections 7.2.2.1, 7.2.2.2 and 7.3.1.1 describe the all related variables for the period from 

year 1992 to 2006. A series of share prices of the Oil and Gas Index and Australian 

refining company, Caltex Limited, All Ordinaries, and S&P/ASX 200 were converted to 

the returns using the discrete return formula Rt = 100 ln(Pt /Pt -1) where Pt is the index 

(or company) level at the end of the year, month, week, and day t.  

As discussed in Sections 8.1, the data are from a normal distribution. The returns’ 

kurtosis of Caltex and AOGI considerably exceeds the critical value 3 of the normal 

leptokurtic distribution, and skewness does not reach + 1.00. Table 9.1 presents the 

descriptive statistics of weather-related, carbon dioxide and returns variables and carbon 

dioxide monthly variables. 
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Table 9.1 

Descriptive Statistics of Weather, CO2 and Returns Variables 

 
 CALTEX 

R2 

 

AOGI 

R1 

PRESSURE 

X2 

 

TEMP 

X1 

 

HUMIDITY 

X3 

CO2 

X8 

Mean 

 

0.0005 

 

0.00035 

 

14.3627 21.2155 

 

1010.77 348 

Median 

 

0.00000 

 

0.00000 

 

14.0000 21.0000 

 

1011.00 350 

St Dev.    

 

0.02118 

 

0.01404 

 

4.95073 4.20244 

 

7.34 0.030 

Skew -0.9121 

 

-1.1873 

 

0.28384 0.32762 

 

-.025 0.010 

Kurtosis 14.9337 

 

32.3491 

 

3.63588 3.23194 

 

2.97 1.27 

J –B 38530.2 

 

323503. 

 

192.099 

 

127.733 39.69 3.480 

Figure 9.1 illustrates the share price series of the Oil & Gas Index and Caltex. No long-

run average level exists about which the series evolves, indicating a non-stationary time 

series.  

 

Figure 9.1 Share Prices, AOGI, and Caltex  
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The price-to return transformation generally guarantees a stable data set. Continuous 

compounding transfers the price series {Pt} into a return series {Rt}. 

 

Figure 9. 2 Australian Carbon Dioxide  

Figures 9.1 and 9.2 show positive trends in the share prices and carbon emission and 

indicate that increase in carbon emission is associated with increase in share prices.  

The descriptive statistics appear to offer preliminary support for the hypothesis that 

relationship exists between share prices and carbon emissions, but   this relationship is a 

positive. However, there was some inverse relationship around the period when the 

Kyoto Protocol was signed. Moreover, the transformation from share prices to return on 

the investment eliminated the positive trends.  

 

 

Figure 9.3  Returns, AOGI, and Caltex 



234 

 

Figures 9.3 illustrates the continuous compounding returns for the Australian Oil and 

Gas Index and Caltex after transformation, which appear to have a stable mean over 

time, which indicates a stationary time series.  

Figure 9.4 Temperature, Atmospheric Pressure, and Humidity       

Figure 9.4 displays trend, seasonal pattern, and annual cycles in weather-related data, 

which need to be “cleaned” of these occurrences and transformed to “climate change” 

data. The climate change data were obtained by removing trends and seasonality. 
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9.3 Empirical Analyses  

9.3.1 Preliminary Assessment: Linear Multi-Regression Model 
9.3.1.1 The Value Relevance of Climate Change  

A linear multivariate regression model is performed on the data to investigate the 

impact of climate change on the oil and gas industry and, hence, the market value of the 

oil and gas industry. A preliminary model of the independent weather-related variables 

was estimated: 

Ri,t  = αi,t + δt  + βi,1 1,t + βi,2 2,t  + βi,3 3,t + ei,t    i = 1, 2                            (9.1) 

where R is stock return, and  i is the return subscript (1 = AOGI, 2 = Caltex), δt 

is trend and  1 are climate change variables (as described in Table 4.2 and 

equation 6.6.1). 

Given that the independent weather-related variables display a linear trend and a 

seasonal pattern, the variables must be cleaned of these occurrences and transformed to 

climate change variable as discussed in Section 5.3.3. The standard strategy is to 

estimate this preliminary model for the independent climate change variables is: 

Xn,t  = δt + q1D1,t + q2D2,t  + … + q52D52,t + εn,t      εn,t  = n,t                                  (9.2) 

where Xn,t are weather variables (as describes in Table 4.1), Dt are weekly 

“dummy” variables and δt is trend. 

Model (9.1) is then estimated using the residuals εn,t from Model (9.2) as regressors n,t.  

Figure 9.5 shows a comparison of observed data with seasonally adjusted data, along 

with residuals with removed seasonality and trends.  
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Figure 9.5 Climate-Related Variables Adjusted for Seasonality and Cycles 
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Preliminary results presented in Table 9.2 appear to be weak, and illustrate that climate 

change (extremes and significant change in the weather) is insignificant on a weekly 

basis for Caltex and the Australian Oil and Gas Index.  Multivariate analysis shows that 

trend, temperature, atmospheric pressure, and humidity combined account only for    

0.27 – 0.26 percent of variance in Caltex’s returns (F = 0.82; p > 0.001) and for the Oil 

and Gas Index (F = 0.78; p > 0.001). 

Table 9.2 

Value Relevance of Climate Change ― Preliminary Results 

Ri,t  = αi,t  + δt  + βi,1 1,t + βi,2 2,t  + βi,3 3,t + ei,t     

  Weekly Data Caltex (R2) 

 

AOGI (R1) 

α    Constant  

(t-stat) 

-0.0626 

(-0.2471) 

0.2293 

(1.3308) 

δt   Trend  

(t-stat) 

0.0005 

(1.3610) 

-0.0000 

(-0.0172) 

1   Temperature 

(t-stat) 

-0.0435 

(-1.0093) 

0.0461 

(1.5750) 

2   Atmospheric Pressure  

(t-stat) 

-0.0172 

(-0.8941) 

-0.0038 

(-0.2906) 

3   Humidity  

(t-stat) 

0.0132 

(0.3492) 

-0.0098 

(-0.3809) 

      

R
2
 0.0027 0.0026 

F-stat 

(p-value) 

0.8239 

(0.5099) 

0.7835 

(0.5359) 

 

9.3.1.2 The Value Relevance of Climate Change and Carbon Dioxide Emissions 

A linear multivariate regression model is applied to investigate the impact of the oil and 

gas industry on climate change, and the subsequent impact on the market value of the 

oil and gas industry. A preliminary model on independent climate change from equation 

(9.1) and carbon dioxide emissions (  8,t) variables is estimated: 

Ri,t  = αi,t + βi,1 1,t + βi,2 2,t + βi,3 3,t + βi,8 8,t ei,t                                    (9.3) 
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In order to transfer weather-related variables to the weather-extreme (“climate change”) 

variables the monthly “dummy” variables are used to estimate this preliminary model: 

Xn,t  =  δt + q1D1,t + q2D2,t  + … + q12D12,t  + εn,t                        (9.4) 

Model (9.3) is then estimated using residuals εn,t from Model (9.4) as regressors. 

 

Figure 9.6 Temperature – Actual and Adjusted for Seasonality  

Figures 9.6, 9.7 and 9.8 show a comparison of adjusted monthly data and illustrate 

residuals with seasonality and trends removed. 
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Figure 9.7 Pressure  – Actual and Adjusted Atmospheric for Seasonality Effects 

 

Figure 9.8 Humidity  – Actual and Adjusted for Seasonality  
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Figure 9.9  Australian CO2  – Actual and Adjusted for Seasonality 

Preliminary multiregression results presented in Table 9.3 illustrate that climate change 

(weather extremes and significant changes in the weather) and CO2 emissions are 

insignificant on a monthly basis at 1 percent level of significance for Caltex Limited and 

for the AOGI. The atmospheric pressure appears to be significant for the Oil and Gas 

Index at the 5 percent level of significance (-132.0, t = 2.0780).  

The multivariate analysis shows that the temperature, atmospheric pressure, humidity, 

and carbon dioxide together, account for only 0.58 percent of variance in Caltex’s 

returns (F = 0.82; p > 0.001) and 2.35 percent of variance for the Oil and Gas Index     

(F = 0.78; p > 0.001).  Moreover, graphs indicate time-varying volatility, which is an 

indication that the returns and climate change data are the candidates for the GARCH 

model, which is explicitly designed to model time-varying conditional variances and 

requires minimum theoretical demand on the model’s structure. 
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Table 9.3 

Value Relevance of Climate Change and Carbon Dioxide Emissions 

Ri,t  =  αi,t + βi,1 1,t + βi,2 2,t + βi,3 3,t + βi,8 8,t + ei,t 

 Monthly Data R1 Caltex R2 AOGI 

α   Constant 

(t-stat) 

0.9912 

(1.7956) 

1.0026 

(2.4832) 

1  Temperature 

(t-stat) 

-0.1238 

(-0.6571) 

-0.1568 

(-1.1375) 

2  Pressure 

(t-stat) 

-0.0493 

(-0.5684) 

-0.1320 

(-2.0780) 

3  Humidity 

(t-stat) 

-0.1447 

(-0.8811) 

0.0274 

(0.2278) 

8   CO2  

(t-stat) 

0.0015 

(0.0070) 

0.2044 

(1.2686) 

R-squared 0.0058 0.0235 

F-stat 

(P-value) 

0.4035 

(0.8061) 

1.6581 

(0.1600) 

 

 

9.3.2 The Value Relevance of Climate Change: GARCH (1.1) Model  

A GARCH (1.1) model is used to investigate the first objective of this study ― to 

examine the impact of climate change on the oil and gas industry’s market value. The 

weather-related variables adjusted for seasonality and trends are then used as the climate 

change variables. GARCH models also assume a return series, where share prices must 

be converted into returns. The weekly data set is used to examine this impact. 

GARCH is used as this time-series model places minimum theoretical demand on the 

structure, and allows incorporation of variables of most interest without the need for 

additional, sometimes unavailable, variables, especially for daily or weekly data (i.e., 

profits), unobservable factors (i.e., investors’ risk preferences) and does not require 

specification of an appropriate asset-pricing model. In this study, the model takes the 

following specification: 
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Ri,t  = αi,t + βi,1 1,t + βi,2 2,t + βi,3 3,t + ei,t                                     (9.5) 

is applied to the data where R is stock return, and i is the return subscript (1 = AOGI, 2 

= Caltex),   are climate change variables (as described in Table 4.2 and equation 

6.4.1).  

σ²i,t  = κi,t + θi,1σ²i, t-1 + θi,2e²i, t-1             i = 1, 2                                         (9.6) 

Xn,t  =  δt + q1D1,t  + q2D2,t   + … + q52D52,t + εn,t           εn,t = n,t            n = 1, 2, 3    (9.7) 

 where Dm,t are weekly “dummy” variables.  

Model (9.5) is then estimated using the residuals εn,t from Model (9.7) as climate change 

variables n,t.  

 

9.3.2.1 Pre-Estimation Analysis  

A GARCH is generalized autoregressive (fluctuates over time), conditional (dependent 

on a sequence of past observations), Heteroskedastic (uncertain) and is explicitly 

designed to model time-varying conditional variances. Financial time-series models 

display time-varying volatility and data must be examined for the presence of ARCH 

effects.   

Although the autocorrelation and partial autocorrelation functions (ACF) and (PACF) of 

the Australian Oil and Gas Index and Caltex’s weekly returns exhibit no correlation, the 

ACF of the squared returns indicates some correlation. Figures 9.10 and 9.11 display 

squared returns and standard deviation confidence bounds. The squared returns indicate 

correlation and time-varying volatility. The presence of autocorrelation in volatility, 

shown in the pre-estimation analysis, indicates that the GARCH model is a good fit for 

this data set. 
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Figure 9.10 ACF of the Squared Returns, AOGI 

 

Figure 9.11 ACF of the Squared Returns, Caltex 

Figure 9.12 for the Oil and Gas Index and Figure 13 for Caltex illustrate that both 

innovations (shown in the top of both figures) and the returns (shown in the bottom 

plots of both figures) exhibit volatility clustering and heteroskedasticity. The presence 

of volatility clustering, and heteroskedasticity, shown in the pre-estimation analysis, 

indicates that the GARCH model is a good model choice. 
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Figure 9.12  Residuals, Conditional Standard Deviations, and Returns, AOGI 
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 Figure 9.13  Residuals, Conditional Standard Deviations, and Returns, Caltex   

 

9.3.2.2 Model Parameters  

The presence of autocorrelation and heteroskedasticity, shown in the pre-estimation 

analysis, indicates that the GARCH model is appropriate. Pre-estimation analysis 

indicates that the return time-series exhibit time-varying volatility. GARCH (1.1), the 

most common model that captures this phenomenon, adjusted for seasonality and 

trends, is applied.  Results are presented in Table 9.4. All climate change-related 

coefficients are insignificant for Caltex and the Oil and Gas Index at 1 percent level of 

significance. Atmospheric pressure (-0.0212, t = -1.7654) appears to be significant for 

the Oil and Gas Index at 10 per cent level of significance. The model shows that the 

error term is the cause of volatility. 
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Table 9.4 

Value Relevance of Climate Change 

Ri,t  = αi,t + βi,1 1,t + βi,2 2,t  + βi,3 3,t + ei,t 

σ²i,t  = κi,t + θi,1σ²i, t-1 + θi,2e²i, t-1 

Variables (Weekly) Coefficient Standard Error t-Statistic  

 

  Australian Oil & Gas Index 

α    Constant  0.2158 0.0778 2.7722 

1   Temperature  0.0343 0.2735 1.2576 

2    Pressure  -0.0212 0.0120 -1.7654 

3   Humidity  
-0.0126 0.0235 -0.5341 

k    Constant  0.1939 0.0500 3.8783 

G1 (σ²t-1) GARCH(1) 0.9244 0.0146 63.2711 

A1 (e²t-1)     ARCH(1) 0.5633 0.0134 4.1970 

Caltex Ltd. 

α    Constant  0.2457 0.1280 1.9197 

1  Temperature  
-0.0323 0.0456 -0.7068 

2   Pressure  -0.0115 0.1955 -0.5895 

3   Humidity  
0.0374 0.3843 0.9751 

k    Constant  5.0000 2.1227 2.3555 

G1 (σ²t-1) GARCH(1) 0.6778 0.1246 5.4383 

A1 (e²t-1)     ARCH(1) 0.6428 0.0213 3.0199 

 

9.3.3 The Value Relevance of Carbon Dioxide  

This study’s second objective is to investigate the impact of the oil and gas industry on 

climate change and the latter’s subsequent impact on the market value of the industry. 

An inverse relationship is expected between CO2 emissions and returns on oil and gas 

index and Caltex investments, when the capital market negatively reacts to CO2 

pollution, which leads to climate change. AR (p)-GARCH (1.1) and de-trended and de-

seasonalized CO2 variables are employed to reveal this relationship. The daily data set is 

then used to investigate this relationship. 
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9.3.3.1 Pre-Estimation Analysis 

Autocorrelation and partial autocorrelation functions (ACF) and (PACF) of the Oil and 

Gas Index’s and Caltex’s daily returns exhibit serial correlation as shown in Figure 9.14 

and Figure 9.15 respectively. Figure 9.14 illustrates that the Oil and Gas Index daily 

returns exhibit positive first-order correlation, where only Rt-1 is significant and 

positive. 

Figure 9.14 illustrates that Caltex Limited’s returns exhibit a negative second-order 

correlation with Rt a function of Rt-1 and Rt-2, where a positive return of day 1 

negatively relates to returns of 2 days prior. However, the Oil and Gas Index’s squared 

returns have less volatility and clustering compared to that of Caltex, possibly due to the 

portfolio effect. The ACF of the Oil and Gas Index’s (Figure 9.14) and Caltex’s (Figure 

9.15) squared returns also indicate a significant correlation, clustering and time-varying 

volatility. 

Figure 9.14 ACF with Bounds for Raw Return Series, AOGI 
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                       Figure 9.15 ACF with Bounds for Raw Return Series, Caltex  

 

Figure 9.16    ACF of the Squared Returns, AOGI 

 

Figure 9.17    ACF of the Squared Returns, Caltex 
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Figure 9.16 for the Oil and Gas Index and Figure 9.17 for Caltex illustrate that both the 

innovations (shown in the top of both figures) and the returns (shown in the bottom of 

both figures) exhibit volatility clustering and heteroskedasticity. However, Caltex’s 

returns are more volatile and persistent than those of the Oil and Gas Index’s. The 

presence of autocorrelation, volatility, heteroskedasticity and serial correlation, shown 

(Figures 9.16 and 9.17) indicates that the GARCH model is appropriate and the 

presence of autocorrelation (Figures 9.14) and 9.15 suggests the need to incorporate an 

autoregressive component AR (p). 

 

9.3.3.2 AR (p)-GARCH (1.1) Model  

To achieve reliable results and investigate the relationship between returns on the 

investments and CO2 emissions, an autoregressive dynamic and conditional 

heteroskedasticity are incorporated and the AR(p)-GARCH (1.1) model is adopted. 

After examining the autocorrelation functions of the returns, especially those with high 

frequency observations, an AR(p) component in the conditional mean equation is 

allowed. 

Ri,t  = αi,t + φ1Ri,t-p + βi 8,t + ei,t                                (9.8) 

σ²i,t = κ + θi,1σ²i, t-1 + θi,2e²i, t-1   i = 1, 2                                          (9.9)  

where R is stock return, α  and k are constant,  8 = CO2, φ is AR, p is order of 

autocorrelation, i is the return subscript (1 = AOGI, 2 = Caltex); σ²t-1 and  e²t-1  are 

GARCH effect (G1) and ARCH effect (A1), and e  is error term.  

To remove seasonality and trends, the standard strategy is to regress the carbon dioxide 

variable on 52 weekly (as a proxy for daily) dummy variables Dt : 

X8,t = δt + q1D1,t + q2D2,t  +…+ q52D52,t + ε8,t                            (9.10) 

Equation (9.8) is estimated using the residuals ε8,t from Equation (9.10) as regressors. 

The independent variable CO2 in model (9.8) that is de-trended and seasonality is 

therefore removed. Therefore, 8,t in Equation (9.8) is CO2, and a single independent 
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variable.  In equation (9.10) weekly dummies are used as a proxy for daily dummy 

variables. Thus, there are 52 weekly dummies instead of 365 daily dummies. There is 

one (1) dummy for each of these seven items, and so on.  What is left is the error term 

ε8,t, which becomes the independent variable 8,t in Equation (9.8).   

 

9.3.3.3 Model Parameters 

The value relevance results of carbon dioxide emissions, presented in Table 9.5, 

indicate that CO2 is insignificant for Caltex –0.097 (t = -0.9939), but is positive and 

highly significant for the Oil and Gas Index 0.0152 (t = 2.9990) on daily data. 

 

Table 9.5 

Value Relevance of Carbon Dioxide Emissions, AR (1)-GARCH (1.1) 

Ri,t  =  αi,t   + φi,t  Ri,t-p  + βi 8,t + ei,t 

σ²i,t  = κ  + θi,1σ²i,t-1 + θi,2e²i, t-1 

Variables (Daily) Coefficient Standard Error t-Statistic  

 

Oil & Gas Index 

α    Constant 0.6607 0.0143 4.6339 

φ    (Rt-p)  AR(p) 0.1429 0.0145 9.8797 

8   CO2    0.0152 0.0051 2.9990 

k    Constant   0.1127 0.0106 10.6287 

G1   (σ² t-1) GARCH(1) 0.7848 0.0094 83.7189 

A1   (e² t-1)    ARCH(1) 0.1571 0.0046 34.1350 

Caltex Limited 

α     Constant  0.0736 0.0253 2.9186 

φ    (Rt-p)  AR(p) -0.0486 0.0128 -3.7831 

8     CO2   
-0.0097 0.0098 -0.9939 

k     Constant   0.2475 0.0112 22.0560 

G1    (σ² t-1) GARCH(1) 0.8729 0.0038 227.8497 

A1    (e² t-1)     ARCH(1) 0.0757 0.0029 25.5246 
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The results also indicate possibility to observe a positive return on day 1 of investment 

and expect negative returns in the next two days for Caltex; or a negative return on day 

1 could reverse and become positive in the next 2 days. The Oil and Gas Index return Rt 

is a function of R t-1, R t-2 and so on, and R t-1 is significant and positive.  

 

9.3.4  The Value Relevance of Climate Change and Greenhouse Gas 

Emissions: AR (p)-GARCH (1.1) Model 

To investigate the total effect of climate change on market value arising from the 

interaction between weather/climate change and the oil and gas industry, which is 

considered responsible for the carbon-pollution activities, daily data and the AR (p)-

GARCH (1.1) model is used. The model incorporates all previously examined climate-

change variables, CO2 and AR (p) components in the conditional mean equation. The 

AR (p)-GARCH (1.1) model is specified as: 

Ri,t  =  αi,t  + φi,1Ri,t-p  + βi,1 1,t + βi,2 2,t + βi,3 3,t + βi,8 8,t + ei,t                          (9.11) 

σ²i,t  =  κi,t + θi,1σ²i, t-1 + θi,2e²i, t-1         i = 1, 2                                           (9.12)   

where R represents stock returns and i is the return subscript (1 = AOGI, 2 = 

Caltex), and  are climate change variable (described in Table 4.2 and equation 

6.6.3).  

To adjust data for a linear trend and seasonal patterns, the standard strategy is to regress 

the weather variables on weekly (a proxy for daily) dummy variables Dm,t: 

Xn,t = δt + q1D1,t + q2D2,t  +…+ q52D52,t + εn,t          εn,t  = n,t        n = 1, 2, 3, 8         (9.13) 

Equation (9.11) is then estimated using the residuals from Equation (9.13) as regressors 

n,t; 52 weekly dummies represent each weather variables Xn,t instead of 365 daily 

dummies.  
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9.3.4.1 Model Parameters  

The results in Table 9.6 confirm that climate change and greenhouse gas emissions are 

value relevant. Humidity is significant on a daily basis at a 5 percent level of 

significance for Caltex -0.0147 (t = -1.9486) and significant on a daily basis at 10 

percent level of significance for the Oil and Gas Index -0.0069 (t = -1.6018).  CO2 is 

highly significant and positive 0.00162 (3.2919) but only for the Oil and Gas Index. 

Caltex’s return of -0.04885 (t = -3.7868) is inversely correlated with the previous 2 

days’ returns, but the Oil and Gas Index return of 0.1425 (t = 9.8537) is statistically 

related to the previous day’s return. 

Table 9.6 

Value Relevance of Climate Change and CO2 Emissions 

Ri,t = αi,t + φi,1Ri,t-p + βi,1 1,t + βi,2 2,t  + βi,3 3,t + βi,8 8,t + ei,t 

σ²i,t = κi,t + θi,1σ²i, t-1 +  θi,2e²i, t-1 

Variables  Coefficient Standard Error t-Statistic 

R1  Oil & Gas Index 

α    Constant 0.0658 0.0143 4.6120 

φ    (Rt-p)  AR(p) 0.1425 0.0145 9.8537 

1  Temperature -0.0013 0.0050 -0.2480 

2  Pressure 0.0016 0.0022 0.7492 

3  Humidity -0.0069 0.0043 -1.6018 

8  CO2 0.0164 0.0051 3.2919 

k    Constant 0.1115 0.0105 10.6411 

G1  (σ²t-1) GARCH(1) 0.7863 0.0094 84.0892 

R2  Caltex Limited 

α   Constant 0.0726 0.02525 2.8730 

φ   (Rt-p)  AR(p) -0.0485 0.0128 -3.7868 

1 Temperature 0.0004 0.0092 0.0425 

2  Pressure -0.0042 0.0039 -1.0925 

3  Humidity -0.0147 0.0075 -1.9486 

8  CO2 -0.0071 0.0099 -0.7117 

k    Constant 0.2468 0.0113 21.7640 

G1  (σ²t-1) GARCH(1) 0.8734 0.0039 225.597 

A1  (e²t-1)     ARCH(1) 0.0728 0.0030 24.6028 
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9.3.5 The Value Relevance of Climate Change and Greenhouse Gas 

Emissions Following the 1992 UNFCCC and 1997 Kyoto 

Protocol  

An Australian refining company Caltex Limited, along with the S&P/Australian (ASX 

200) index, All Ordinaries Index, and the Australian Oil and Gas Indexes are examined 

to determine whether the Australian capital market incorporates climate change 

information into stock valuation processes. Specifically, how do CO2 emissions impact 

stock investment returns after the United Nations-sponsored GHG-reduction policies 

were introduced in 1992 and 1997? To investigate how the capital market incorporates 

climate change and GHG emission information in the valuation process, data such as 

return on investments, temperature, atmospheric pressure, humidity, change in global 

temperature, Australian CO2 levels, and global CO2 levels are studied.  

 

9.3.5.1 AR (p)-GARCH (1.1) Model 

To investigate the impact of climate change and CO2 emissions on the daily returns on 

investments in Caltex and the Oil and Gas Index, an autoregressive dynamic and 

conditional heteroskedasticity are incorporated into the AR(p)-GARCH (1.1) model.  A 

high volatility and heteroskedasticity indicates that the GARCH (1.1) model is 

appropriate for the market indexes S&P/ASX 200 and All Ordinaries Index. 

Independent weather-related variables are de-trended and de-seasonalized and 

statistically adjusted to the “climate change” or “weather extremes” variables. Also, an 

AR(p) component is included in the conditional mean equation for Caltex and the Oil 

and Gas Index. For this study, the model takes the following specification: 

Ri,t   = αi,t  + φi,1Ri,t-p + βi,1 1,t + βi,2 2,t + βi,3 3,t  + βi,8 8,t + ei,t            (9.14) 

 σ²i,t  =  κi,t  + qi,1σ²i, t-1 + qi,2e²i, t-1         i = 1, 2, 3, 4                                         (9.15)                            

R is return and i is subscript (1 = AOGI, 2 = Caltex, 3 = S&P/ASX 200,   4 = All 

Ordinaries Index), and  are climate change variables (described in Table 4.2 

and equation 9.13), σ² is variance, e²t-1 is “shock” from last period (ARCH 

effect), σ²t-1  is the variance from last period (GARCH effect).  
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The weather-related and CO2 independent variables adjusted to “climate change” or 

“weather-extreme” variables: 

Xn,t = δt + q1D1,t  + q2D2,t  + … + q52D52,t + εn,t                                          (9.16) 

Next, model (9.14) is estimated using the residuals εn,t as climate change variables from 

model (9.16). The 52 weekly dummies are used instead of 365 dummies for daily data. 

 

9.3.5.2 Model Parameters 

The Australian capital market reacted to climate change, weather extremes, and 

greenhouse gas emissions, as shown in Table 9.7. However, the reaction is more 

significant for the weather-sensitive refining company Caltex; the statistically 

significant coefficient is humidity, - 0.0147 (t = -1.9486) for 1983 to 1992 and - 0.01714 

(t = 2.0284) for 1992 to 1997.  

Humidity is less significant for the oil and gas companies, -0.0069 (t = -1.6018) from 

1983 to 1992, and this variable is insignificant from 1992 to 1997, when the Australian 

oil and gas industry expanded globally. Also, humidity is statistically significant for the 

200 Australian companies, -0.00429 (t = -1.2848), but only at a 10 percent significance 

level. However, humidity, as all the other extremes in Australian weather, appears to be 

insignificant for the broad Australian market represented in the All Ordinaries Index. 

 Additionally, results reveal that Australia’s CO2 emissions are highly significant and 

positive for oil and gas companies 0.0164 (3.2919) from 1983 to 1992.  However, from 

1992 to 1997, capital market reaction became negative, but this reaction was 

insignificant. Furthermore, the relationship between returns and Australian CO2 

emissions was insignificant, - 0.0071 (t = 0.7117) for 1983 to 1992, but this relationship 

became significant, -0.2572 (-1. 4215) from 1992 to 1997 and was negatively associated 

with Caltex’s returns. 
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Table 9.7 

Effects of Climate Change and Australian GHG Emissions on Returns: Caltex and 

AOGI vs. Australian Stock Markets 

Ri,t = αi,t+ φi,1Ri,t-p + βi,1 1,t  + βi,2 2,t  + βi,3 3,t + βi,8 8,t + ei,t 

σ²i,t = κi,t+ θi,1σ²i, t-1 + θi,2e²i, t-1 

Daily Data R 2 Caltex R 1  AOGI R 3  S&P 

ASX 200 

R 4 All 

Ordinaries 

 Years 1983 – 

1992  

1992– 

1997 

1983– 

1992 

1992- 

1997 

1992– 

2006 

1992 – 

2006 

α   Constant  

(t-stat) 

 0.0726 

(2.8730) 

 0.08316 

(2.5667) 

 0.0658 

(4.6120) 

 0.0475 

(2.6948) 

 0.0471 

(3.9702) 

 0.0483 

(4.1753) 

φ   R t-p  AR (1)  

(t-stat) 

-0.0485 

(-3.7868) 

-0.0565 

-3.0217 

 0.1425 

(9.8537) 

 0.1091 

(6.3961) 

  

1 Temperature  

(t-stat) 

 0.0004 

(0.0425) 

-0.0078 

(-0.6937) 

-0.0013 

(-0.2480) 

-0.0060 

(-0.0980) 

 0.0014 

(-0.3465) 

-0.0401 

(-0.4460) 

2  Pressure  

(t-stat) 

-0.0042 

(-1.0922) 

-0.0076 

(-1.5340)
 c
 

 0.0016 

(0.7492) 

 0.0005 

(0.1999) 

 0.0018 

(1.0642) 

 0.0017 

(1.0303) 

3  Humidity  

(t-stat) 

-0.0147 

(-1.9486)
 c
 

-0.0171 

-(2.0284)
 b
 

-0.0069 

(-1.6018)
 c
 

-0.0046 

(-0.9998) 

-0.0042 

(-1.2848)
 c
 

-0.0408 

(-1.2575) 

8  CO2 

 (t-stat) 

-0.0071 

(0.7117) 

-0.0257 

(-1.4250) 

 0.0164 

(3.2919)
 a
 

-0.0079 

(-0.8646) 

-0.0048 

(-0.8322) 

-0.5167 

(-0.9110) 

k   Constant  

(t-stat) 

 0.2468 

(21.76) 

 0.1352 

(6.9441) 

 0.1115 

(10.641) 

 0.0519 

(5.2337) 

 0.01483 

(5.0552) 

 0.0128 

(5.1159) 

G1   GARCH(1) 

(t-stat) 

 0.8734 

(225.59) 

 0.9146 

(120.55) 

 0.7863 

(84.089) 

 0.8821 

(65.049) 

 0.8994 

(95.144) 

 0.9001 

(102.08) 

A1       ARCH(1) 

(t-stat) 

 0.0728 

(24.602) 

 0.0556 

(12.386) 

 0.1562 

(32.696) 

 0.0779 

(9.4653) 

 0.0779 

(13.498) 

 0.0807 

(13.941) 

Note:  a, b and c indicate the significance level of 1%, 5% and 10%, respectively. 

Nevertheless, GHG data is irrelevant and does not significantly impact the leading 

Australian companies or the entire Australian market. Results reveal that climate change 

and GHG emissions do not significantly impact the equity returns of the 200 leading 

Australian domestic companies or the entire Australian market.  The sum of the ARCH 

(1) and GARCH (1) coefficients, approximately 1 (0.9 – 0.98), is statistically significant 

and indicates that Australian 200 leading and 500 largest companies have persistent 

volatility and variance.  
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Table 9.8 

Effects of Climate Change and Australian GHG Emissions on Returns:           

Caltex and AOGI 

Ri,t =  βi,1 1,t  + βi,2 2,t  + β i,3 3,t + βi,8 8,t + ei,t 

σ²i,t = κi,t + θi,1σ²i, t-1 + θi,2e²i, t-1 

Daily Data R1  Caltex  R2     AOGI 

Years  1983- 

1992 

 1992- 

1997 

 1997- 

2006 

1983- 

1992 

 1992- 

1997 

 1997- 

2006 

1  Temp.  

(t-stat) 

0.0004 

(0.0425) 

-0.0078 

(-0.6937) 

-0.0049 

(-0.3239) 

-0.0013 

(-0.2480) 

-0.0060 

(-0.0980) 

-0.0096 

(-1.1427) 

2   Pressure  

(t-stat) 

-0.0042 

(-1.0922) 

-0.0076 

(-1.5340)
 c
 

0.0031 

(-0.4598) 

0.0016 

(0.7492) 

0.0005 

(0.1999) 

0.0002 

(0.0626) 

3 Humidity 

(t-stat) 

-0.0147 

(-1.9486)
 c
 

-0.0171 

(2.0284)
 b
 

0.0008 

(0.0648) 

-0.0069 

(-1.6018)
 c
 

-0.0046 

(-0.9998) 

-0.0057 

(-0.8169) 

8   CO2  

(t-stat)  

-0.0071 

(0.7117) 

-0.0257 

(-1.4250) 

-0.0148 

(-0.6458) 

0.0164 

(3.2919)
 a
 

-0.0079 

(-0.8646) 

-0.0261 

(-2.1828)
 b
 

k   Constant  

(t-stat) 

0.2468 

(21.76) 

0.1352 

(6.9441) 

0.1562 

(7.3604) 

0.0148 

(5.0552) 

0.0519 

(5.2337) 

0.0519 

(4.2838) 

G1 GARCH,1 

(t-stat) 

0.8734 

(225.59) 

0.9146 

(120.55) 

0.8846 

(114.12) 

0.8994 

(95.144) 

0.8821 

(65.049) 

0.8846 

(58.458) 

A1     ARCH,1 

(t-stat) 

0.0728 

(24.602) 

0.0556 

(12.386) 

0.0790 

(14.779) 

0.0779 

(13.498) 

0.0779 

(9.4653) 

0.0790 

(8.4516) 

Note:  a, b and c indicate the significance level of 1%, 5% and 10%, respectively. 

Table 9.8 shows that the relationship between Caltex’s returns and Australian CO2 

emission changed from a negative significant, -0.02572 (t = -1.4250) between 1992 and 

2006 to an insignificant -0.0148 (t = -0.6458) between 1997 and 2006. Nevertheless, the 

association between the Australian Oil and Gas Index returns and Australian CO2 

emissions became significant -0.0261 (-2.1828) in 1997 to 2006.  
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9.4 Discussion   

Monthly, weekly, and daily atmospheric pressure, which actually signals a change in 

weather, appears to be significant for the Australian Oil and Gas Index. Daily humidity, 

the amount of water vapour in the air, is significant for the Oil and Gas Index 

companies and for Caltex. Thus, humidity is an important metric in forecasting weather. 

The most humid cities on earth are generally located close to the equator, near coastal 

regions. Australia experiences an extremely humid wet season from December to April 

(ABM, 2009). Unusually high humidity could affect demand for petroleum and 

gasoline, and thus could help determine demand for oil, gas, and petroleum products 

(AMS, 2001). 

The larger the change in atmospheric pressure, the greater the change expected in 

weather, which in turn, generates change in demand for oil and gas. Rapid pressure rises 

are associated with improving weather conditions.  Temperature does not appear to be 

significant. Also, market participants have access to weather forecasts and, more 

importantly, investors and oil and gas companies understand weather risks and hedge 

this risks (Weather Risk Management Association [WRMA], 2003). Heavy rains, 

tropical storms, tropical, and polar cyclones are called low-pressure cells (ABM, 2009). 

Weather-related disasters present business risks for the weather-sensitive oil and gas 

companies (Altalo et al., 2000). The oil-shipping sector also is significantly affected by 

weather conditions. For example, tanker and barge transports in particular depend on 

weather and climate conditions to deliver their cargos on time while avoiding dangerous 

seas.  

In general, domestic Australian refineries supply around 77 percent of petroleum 

products required by Australia’s major industries and their fuel distribution networks. 

Imports account for approximately 23 percent of Australia’s total consumption. The 

bulk of imported petroleum comes from Singapore, Asia, and the Middle East. While 

Australia has substantial crude oil production, around 62 percent of this oil is exported. 

Tanker transport is particularly dependent on weather conditions for the safe oil and 

petroleum product transport. Data on Australian marine oil spills indicate that 

approximately 30 percent of incidents occur at sea, and the remainder in ports.  
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Hurricanes and other severe weather events have the greatest weather-related impacts 

on oil production operations as they can shut down production and/or transportation of 

oil and supplies. For example, Hurricane Rita (Louisiana, USA, 2005) caused severe 

damage and had a significant impact on production operations of PETSET Energy Ltd., 

an independent Australian oil and gas exploration, drilling and production company that 

also operates in the USA. PETSET’s net profit of $9.5 million for 2005 was 49 percent 

less than the previous year due to Hurricane Rita, which shut down production. 

Hurricane Rita also disrupted pipelines and onshore pumping stations, resulting in a 

shutdown of much of the Gulf of Mexico’s oil and gas production for three months. 

There also was extensive damage to platforms, particularly in deep water. The 

production shutdown caused natural gas prices to rise from US$7 to US$14 from 

September to December 2005. Gas prices returned to US$7 when PETSEC Energy 

Limited returned to pre-Hurricane Rita production (PETSEC Energy Ltd., Annual 

Report 2005). 

While weather greatly impacts the oil and gas industry, the industry causes a substantial 

degree of environmental impacts, and consequently, climate change and severe weather 

conditions. For example, between 1982 and 1998, 27 oil spills of greater than 10 tonnes 

occurred in Australian waters. In the last 10 years, Australia has had five significant oil 

spills amounting to approximately 17,280 tons of oil spilled into the seas. Fossil fuel is 

the oil and gas industry’s main product
30

 and is the main cause of increased atmospheric 

concentrations of greenhouse gas emissions (IPCC, 1991; Raupach, 2007). Oil and gas 

products, such as crude oil and natural gas, employ processes that can generate large 

amounts of waste. Downstream refining and processing operations also are high energy 

and chemical consumers. Moreover, gas products emit large volumes of air pollutants 

when they are consumed.  

This study’s empirical results support its hypothesis that a significant relationship exists 

between carbon emissions and the Australian oil and gas industry’s market value. 

However, CO2 increases are associated with increase in profits, thus, an increase in oil 

and gas production is associated with an increase in share price.  

                                                           
30

 Human activities have added greenhouse gases to the atmosphere (IPCC, 1991), mainly through the burning of  

liquid fuels (e.g., gasoline, fuel oil); gaseous fuels (e.g., natural gas), furnace fuel oil, flaring gas industrially and at 

wells accounted for 62 percent of the global GHG emissions (Raupach, 2007). 
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In summary, the oil and gas industry is contributing to climate change,
31

 reflected in 

increased occurrences of extreme weather conditions and environmental disasters. 

Extreme weather conditions impact production capacity, supply, and demand of carbon 

based products and, hence, the sale and price of oil and gas, which, in turn, affect 

earnings and influence oil and gas companies’ ability to maintain and build 

shareholders’ wealth. The relevance of climate change issues to the oil and gas industry, 

in financial terms, is deemed important. Furthermore, the rapid change in global 

temperatures is expected to cause other changes, including increases in the occurrence 

and intensity of extreme weather conditions, and changes in the amount and pattern of 

precipitation.  

The mitigation of climate change through reductions in CO2 outputs, and via reductions 

in fossil fuel use, could significantly affect oil and gas sales. Moreover, reductions in 

fossil fuel use could possibly put some oil and gas companies out of business. Despite 

its high CO2 emissions, the Australian oil and gas industry is still viewed as essential for 

diversified portfolios for both individual and institutional investors. Thus, how did 

investors consider CO2 emissions information following the introduction of the 1992 

UNFCCC and the 1997 Kyoto Protocol? 

Humidity, as an important metric used in forecasting weather conditions, appears to be 

significant for oil, gas, and refining companies and for the Australian S&P ASX 200 

index. Also, atmospheric pressure and carbon dioxide emissions appear to be significant 

for the refining company Caltex. Consistent with the hypothesis of this study, carbon 

emissions were found to be more value relevant for the refining, oil, and gas companies 

than for the rest of the firms listed on the ASX. Surprisingly, the relationship between 

climate change and oil and gas company returns is not significant between years 1997 to 

2006, when the Kyoto Protocol was introduced. However, beginning in 1997, to 

minimise the impacts of adverse weather on business and to ensure a more predictable 

stream of income, oil and gas companies often purchased insurance and/or weather 

derivatives to protect themselves, as greater stability and predictability tend to reassure 

investors and result in increased shareholder value.  

                                                           
31 CO2 emissions from gasoline, fuel oil, natural gas, fuel and industrial process represent near 61 percent (Raupach, 

2007). 
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Weather risk and financial risk are no longer considered in isolation, but are integrated 

into oil and gas company risk-management decisions. Unlike financial derivatives that 

are useful for price hedging, weather derivatives are used to hedge the volumetric risks. 

However, weather-related quantity and price closely relate to each other. As a result, 

companies have started to hedge the volumetric risk caused by unexpected weather 

conditions and price risk.  

A weather hedge enables weather-sensitive sectors to achieve weather-dependent 

stabilisation in the context of integrated risk management. Management of oil and gas 

companies usually approach weather risks in two ways. First, firms identify any 

catastrophic weather events that could adversely impact revenue streams, and arrange 

appropriate insurance coverage. Second, firms can try to protect against a variation in 

revenue streams arising from weather events that are not catastrophic but deviate from 

the norm, by entering into weather derivatives for non-catastrophic weather fluctuations 

including warm or cold periods and other events expected to occur reasonably 

frequently.  

The global impact of weather conditions has generated explosive growth in the weather 

derivatives market, with a total value of over $10 billion for weather derivatives traded 

in 2002 – 2003 (Jewson & Brix, 2004). Weather derivatives make pre-specified payouts 

if specified weather events occur. In essence, weather risks are the uncertainty in cash 

flows and earnings caused by non-catastrophic weather events such as temperature, 

humidity, rainfall, stream flows and wind.  

Weather derivatives include the range of weather variables, such as temperature, rain, 

snow, and wind. Temperature-related protection continues to be the most common 

weather derivative, comprising more than 85 percent of all contracts (Weather Risk 

Management Association, 2003). Consequently, high-quality information about near 

and distant future weather conditions could offer greater stability and predictability for a 

business, resulting in increased shareholder value.  

The volume of weather derivatives traded on the Chicago Mercantile Exchange jumped 

from $9.7 billion in 2004 – 2005, to more than $45 billion in 2005 – 2006 (Davies, 

2007). This market continues to grow, especially in markets across the globe including 
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London, Tokyo, and Paris (Davies, 2007), although the Australian market is 

significantly younger and smaller than others. The catastrophe-related risks (CAT risks) 

caused by hurricanes, tornados, and windstorms have also grown substantially, from 

around US $700 million in 1997 to approximately US $13.5 billion at the present. Since 

1997, the 59 “CAT” bonds issued to hedge weather risk increased dramatically.  

 

9.5 Summary and Conclusion 

One of the objectives of this study is to investigate the impact of climate change and 

greenhouse gas emissions on stock returns following the introduction of carbon dioxide 

mitigation policies from year 1992 and year 1997. Table 9.9 presents a summary of the 

empirical analyses. Consistent with this study’s prediction, carbon emissions are value 

relevant for Australian oil and gas companies.  

The value relevance of oil and gas companies changed following the 1997 Kyoto 

Protocol. Results show that the relationship between refining companies’ stock returns 

and carbon emissions was negative and significant from 1992 to 1997, and became 

insignificant from 1997 to 2006. However, the association between oil and gas industry 

returns and Australian carbon emissions was positive and highly significant from 1983 

to year 1992, was insignificant from 1992 to 1997, when it became negative and 

significant from 1997 to 2006.  

The results of this study indicate that Australian investors have begun to be concerned 

about the overall impact of GHG emissions on climate change. Results reveal a 

significant negative relationship between Australian CO2 emissions and daily returns on 

oil, gas and refining companies after GHG-mitigation policies were introduced. 

Nevertheless, the question remains: Are investors becoming “greener” and reacting to 

climate change, or are they overlooking environmental concerns and worry about 

industry sustainability and profits, given that oil and gas production is dependent on 

climatic conditions? To answer these questions about investor behaviour requires 

further research. Moreover, factors related to size of the firm, book-to-market value, 

earnings/price, and other factors could influence results and must be controlled. 
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Table 9.9 

Summary of Results: Value Relevance of Climate Change and GHG Emissions 

Following the UN Policies 

The Value Relevance of Climate Change and GHG Emissions Following the 1992 UNFCCC and 

1997 Kyoto Protocol 

Proposition 3.3.1  

 

 

Hypothesis 3.3.1 

 

 

 

Proposition 3.3.2 

 

 

 

 

 

Hypothesis 3.3.2 

 

 

 

 

 

Empirical Results 

 AR –GARCH(1.1) 

 

Years 1983-1992 

 

 

 

 

 

 

 

Years 1992-1997 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Years 1997-2006          

In an active efficient market rational investors were interested in maximizing their 

risk-adjusted stock returns before the introduction of the 1992 UNFCCC. 

 

A significant positive relationship exists between the CO2 variable and stock 

returns in Australian oil, gas and refining companies for the period from year 

1983 to year 1992.  

 

In an active efficient market most rational investors are interested in the 

environmental aspects of their investments. Furthermore, most rational investors 

were concerned about the effects of climate change and GHG emissions following 

the introduction of the 1992 UNFCCC and the 1997 Kyoto Protocol policies. 

 

A highly significant negative relationship between carbon dioxide and stock 

returns of the AOGI and Caltex. Moreover, a significant negative relationship 

between climate change variables and share prices for the period 1992 to 1997 

following 1992 UNFCCC and for the period 1997–2006 following Kyoto Protocol 

policies. 

 

Returns = F (pressure, temperature, humidity, CO2) climate change data 

Daily data 

 

AOGI  

Humidity -0.0069 (t = -1.6018), CO2 0.064 (t = 3.3919),  

Pressure, Temperature are insignificant 

 

Caltex  

Humidity -0.147 (t = -1.9487), Pressure, Temperature, and CO2  are insignificant 

 

AOGI  

Humidity, Pressure, Temperature, and CO2 are insignificant 

 

Caltex 

Humidity -0.0171(t = 2.0284), Pressure -0.0076 (t = -2.0284),  

CO2 -0.0257 (t = -1.4250), Temperature is insignificant 

 

S&P/ASX 200 

Humidity -0.0043 (t = -1.2848), Pressure, Temperature, and CO2  are insignificant 

 

All Ordinaries 

Humidity -0.0043 (t = -1.2575), Pressure, Temperature, and CO2  are insignificant 

 

AOGI 

CO2  -0.0261 (t = -2.1828), Humidity, Pressure, and Temperature are not 

significant 

 

Caltex  

CO2 , Humidity, Pressure, and Temperature are not significant 
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Chapter 10 

The Value Relevance of Climate Change and GHG 

Emissions: Environmental Variables in the 

Financial Models
32

 

 

10.1 Introduction 

Chapter 10 presents the empirical analyses performed to confirm the value relevance of 

climate change and GHG emissions following the 1997 UN Kyoto Protocol. This 

chapter explores the effects of climate change and GHG emissions after the introduction 

of carbon-mitigation policies by the United Nations. Also, factors related to size of firm, 

book-to-market value, earnings/price among others could influence results and must be 

controlled.  

Thus, the Return-Earnings Association Model, Fama and French Three Factor Model, 

the contrarian effect and economic variables have been added to the climate change 

variables to form the new Return-Association, Fama and French-Behavioural-Climate 

Change Models. However, before the inclusion of these economics variables in the 

Return-Association Model, the effects of climate change on the industry– related 

variables were examined in the GARCH process. 

 

 

 

 

                                                           
32 The  research paper “The Value Relevance of Climate Change and GHG Emissions  Following the Kyoto 

Protocol” (Vlady, S.) was presented at Accounting and Finance Association of Australia and New Zealand 2010 

Annual Meeting, New Zealand, July 2010. Another article “Climate Change Effects on  Equity Returns of Australian 

Oil and Gas Companies” (Vlady, S., & Szendi, J.Z.) was presented at the Twenty-Second Asian-Pacific Conference 

on International Accounting Issues, Australia, Gold Coast, November, 2010. 
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10.2 Preliminary Analyses–Time Series GARCH (1.1) Model 
10.2.1 Data and Methodology 

The time series model was applied to investigate how climate change and GHG 

emissions associate with oil and gas prices (earnings) and hence, affect the market value 

of oil and gas companies following 1997. GARCH (1.1) offers a more parsimonious 

model (i.e., uses fewer parameters) allowing a concentration on climate change and 

GHG emission variables (MathWorks, 2009). A total of 1,491 daily, 494 weekly, and 

114 monthly data are used for the 10 years examination. In addition to oil and gas 

returns, all “earnings” (oil, gas, gasoline, and derivatives prices) are the dependent 

variables and all “climate change”, “global warming,” and CO2 variables are 

independent variables. The following empirical models are used to identify how 

Australia’s, and global, climate change variables affected oil, gas, and derivatives 

prices: 

Ri,t  =  αi,t  + βi,1 1,t + βi,2 2,t + βi,3 3,t + βi,8 8,t + ei,t                                          (10.1)                      

i = 1, 2, 3, 4, 5, 6, 7 

i = 1, 2, 3, 4, 5, 6, 7, 8, 9 

Ri,t  =  αi,t  + βi,1 1,t + βi,2 2,t + βi,3 3,t + βi,8 8,t + βi,9 9,t + βi,10 10,t + ei,t                             (10.2)                      

i = 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 

where R is return and i is subscript (1 =  AOGI (Australian Oil and Gas Index),             

2 = Caltex, 3 = WCOP (World crude oil prices), 4 = GOSP (Singapore’s gas-oil prices), 

5 = GSP (Singapore’s gasoline prices), 6 =  COFCP (Crude oil futures contract prices), 

7 =  GFCP (Gasoline futures contract prices), 8 = ACOP (Australian crude oil prices),    

9 = FOSP (Singapore’s fuel oil spot prices), 10 = WNGP (world natural gas prices),    

11 = NGFCP (Natural gas futures contract prices); and  are Australia’s and global 

temperature, Australian’s pressure and  humidity, Australia’s and global carbon dioxide 

(as described in equations 6.8.5). Singapore’s prices are used as a benchmark for 

Australian prices. 
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10.2.2 Empirical Results  

The multivariate GARCH (1.1) results presented in Table 10.1 indicate that Australia’s 

daily CO2 emissions are positively associated with Singapore’s gas-oil spot prices 

0.0464 (t = 2.4665) at a 5 percent level of significance, Singapore’s gasoline prices at 

0.0334 (t = 1.4605) and in addition, the crude oil futures contract at 0.0335 (t = 1.8948) 

at 10 percent of level of significance.  

The results show that an inverse relationship exists between Australia’s CO2 emissions 

and its oil and gas companies’ share price, at -0.0161 (t = -2.1828), and these 

relationships are highly significant. Daily temperature is significant for Singapore’s 

gasoline spot prices at -0.0248 (t = -1.4613). Surprisingly, an increase (decrease) in 

humidity is significantly associated with an increase (decrease) in world crude oil prices 

at 0.0365 (t = 2.3453), and Singapore’s gasoline prices at 0.0349 (t = 2.3343). However, 

the relationship between humidity and the share prices of Australian oil and gas 

companies is insignificant at -0.0058 (t = -0.8169). Atmospheric pressure appears 

significant for crude oil futures contracts at 0.0148 (2.2579). 

Table 10.2 shows that under the GARCH (1.1) method, Australian CO2 emissions are 

negatively associated with Singapore’s weekly gasoline prices at -0.1929 (-1.8141) and 

gasoline future contracts at -0.1909 (t = 1.4077).  However, on a weekly basis, CO2 

emissions are not relevant for Caltex, at 0.1398 (t = -1.1632). Weekly extreme 

temperatures are significant only for Singapore’s gasoline spot prices at -0.1115            

(t = -1.7484). 

The results presented in Table 10.3 show that on a monthly basis, the relationship 

between Australian CO2 emissions and Australia’s crude oil prices, at -0.8128               

(t = -1.7325), and Singapore’s fuel oil prices, at -0.6140 (t = -1.6000), is more 

significant at 5 percent level of significance, but the association between emissions and 

the natural gas futures contract is insignificant. A significant relationship exists between 

global CO2 emissions and world crude oil prices at 2.2026 (t = 1.3213) at 10 percent 

level of significance, Singapore’s fuel oil spot prices at 2.1668 (t = 2.481) at 1 percent 

level of significance, world natural gas prices at -2.0646 (t = -1.860) at 5 percent level 

of significance, and share prices of Australian oil and gas companies, at 1.6291              
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(t = 1.6104) at 5 percent level of significance. GARCH (1.1) results show that 

Australia’s monthly temperature is significant for world crude oil prices at -0.4290       

(t = -1.3949), and crude oil futures contracts at -0.5527 (t = -2.2705).  Singapore’s 

gasoline spot prices at -0.6331 (t = -1.7525), global gasoline futures contracts at               

-0.4317 (t = -1.7329), world natural gas prices at 0.2646 (t = 1.4069), world natural gas 

futures contracts at -0.4760 (t = -1.6254), and Singapore’s gas-oil spot prices at              

-0.4018 (t = -1.2568). Monthly atmospheric pressure averages are significant only for 

world crude oil prices at -0.2276 (t = -1.7483), and for world natural gas prices at 

0.1386 (1.3086), but monthly humidity is significant only for world natural gas prices at             

-0.2852 ( t= -1.5896). 

Table 10.1 

Effect of Climate Change on Daily Stock, Oil and Gas Prices: GARCH (1.1) 

Ri,t = αi,t + βi,1 1,t + βi,2 2,t  + βi,3 3,t + βi,8 8,t + ei,t           i = 1, 2, 3, 4, 5, 6, 7  

Xn,t  = δt + q1D1,t  + q2D2,t +…+ q52D52,t + εn,t                          εn,t  = n,t                 n = 1, 2, 3, 8 

Note:  

R1  AOGI – Returns of the Australian Oil and Gas Index; 

R2  CALTEX – Returns of the Australian refining company Caltex; 
R3  WCOP –World crude oil prices; 

R4  G-OPS – Gas-oil prices (Singapore); 

R5  GASOLPS – Gasoline prices (Singapore); 
R6  COFC – Crude oil futures contract prices; 

R7  GOFC – Gasoline futures contract prices; 

  a, b and c indicate the significance level of 1 percent, 5 percent, and 10 percent, respectively. 

 AOGI 

R1 

CALTEX 

R2 

WCOP 

R3 

GOPS 

R4 

GASOLS 

R5 

COFC 

R6 

GASOLFC 

R7 

8   CO2 

t-stat) 

-0.0261 

(-2.1828)
 b
 

-0.0148 

(-0.6458) 

0.0051 

(0.1948) 

0.0464 

(2.4665)
 b
 

0.0334 

(1.4605)
 c
 

0.0335 

(1.8948)
 c
 

-0.0210 

(-0.9539) 

1  Temp 

(t-stat) 

-0.00969 

(-1.1427) 

-0.0049 

(-0.3239) 

-0.0102 

(-0.5697) 

0.013724 

(1.0159) 

-0.0248 

(-1.4613) 

-0.0095 

(-0.6715) 

0.0094 

(0.6148) 

2  Humidity 

(t-stat) 

-0.0058 

(-0.8169) 

0.0008 

(0.0649) 

0.0365 

(2.3453)
 b
 

-0.0070 

(-0.5575) 

0.0349 

(2.3343)
 b
 

0.0029 

(0.2537) 

0.0038 

(0.2877) 

3  Pressure 

(t-stat) 

0.0002 

(0.0626) 

-0.00318 

(-0.4598) 

-0.0095 

(-1.1272) 

-0.0031 

(-0.4629) 

-0.0078 

(-0.9072) 

0.0148 

(2.2579) 
a
 

0.0012 

(0.1664) 

k    Constant 

(t-stat) 

0.0520 

(4.2838) 
a
 

0.1562 

(7.3604) 
a
 

0.9470 

(6.3404) 
a
 

0.5180 

(6.4242) 
a
 

0.6059 

(5.6936) 
a
 

0.2582 

(5.1056) 
a
 

0.4469 

(6.4200) 
a
 

A1     ARCH (-1) 

(t-stat) 

0.0790 

(8.4516) 
a
 

0.0894 

(14.779) 
a
 

0.1147 

(8.6516) 
a
 

0.1339 

(8.7511) 
a
 

0.0785 

(6.4714) 
a
 

0.0725 

(9.5557) 
a
 

0.0685 

(6.9675) 
a
 

G1 GARCH (-1) 

(t-stat) 

0.8846 

(58.458) 
a
 

0.8819 

(114.12) 
a
 

0.7435 

(23.332) 
a
 

0.7559 

(27.504) 
a
 

0.8161 

(28.965) 
a
 

0.8597 

(50.987) 
a
 

0.8240 

(38.435) 
a
 



267 

 

Table 10.2 

Effect of Climate Change on Weekly Stock, Oil and Gas Prices: GARCH (1.1) 

Note: AOGI – the Australian Oil and Gas Index; CALTEX – Australian refining company Caltex Limited; WCOP – World crude oil prices; GOPS – Gas-oil prices (Singapore); GOLPS – Gasoline prices 

(Singapore); COFCP – Crude oil futures contract  prices; GOLFCP – Gasoline futures contract prices; (NYMEX); ACOP – Australian crude oil prices; FUOPS – Fuel prices (Singapore).  

 a, b and c indicate the significance level of 1 percent, 5 percent, and 10 percent, respectively. 

 

  

 

 

 AOGI 

R1 

CALTEX 

R2 

WCOP 

R3 

GOPS 

R4 

GASOLPS 

R5 

COFC 

R6 

GASOLFC 

R7 

ACOP 

R8 

FOPS 

R9 

8  CO2 

(t-stat) 

-0.1150 

(-1.8587)
  c

 

-0.1398 

(-1.1632) 

-0.1186 

(-1.1443) 

0.0208 

(0.2069) 

-0.1929 

(-1.8141)
  c

 

-0.1178 

(-0.9803) 

-0.1909 

(-1.4077)
 c
 

-0.16928 

(-1.6712)
 c
 

-0.0756 

(-0.7164) 

1  Temperature  

(t-stat) 

0.0157 

(0.3769) 

-0.0110 

(-0.1516) 

-0.0172 

(-0.2507) 

-0.0007 

(-0.0117) 

-0.1115 

(-1.7484) 

-0.0718 

(-1.0494) 

-0.0177 

(-0.2078) 

0.0644 

(1.0901) 

-0.0505 

(-1.2301) 

2  Pressure 

(t-stat) 

-0.0197 

(-0.9768) 

0.0181 

(0.5720) 

-0.0073 

(-0.2060) 

0.0062 

(0.2021) 

-0.0015 

(-0.0405) 

0.0041 

(0.1159) 

0.0005 

(0.0121) 

0.0039 

(0.1513) 

0.0194 

(0.8040) 

3  Humidity 

(t-stat) 

-0.0111 

(-0.3202) 

0.1446 

(2.5118)
 b
 

-0.0117 

(-0.1773) 

-0.0179 

(-0.2836) 

0.0300 

(0.4376) 

-0.0280 

(-0.4229) 

-0.0267 

(-0.3719) 

0.0134 

(0.2734) 

-0.0090 

(-0.1506) 

k   Constant 

(t-stat) 

0.8575 

(1.3019) 

1.3777 

(1.9628) 

5.0000 

(1.4875) 

2.5798 

(1.6235) 

1.5368 

(1.0085) 

1.3376 

(0.3621) 

5.0000 

(0.7728) 

1.4916 

(1.6569) 

2.0274 

(4.7306)
 a
 

A1  ARCH(1) 

(t-stat) 

0.0666 

(1.6883) 

0.0753 

(3.2618) 
a
 

0.0790 

(1.8719) 

0.0865 

(2.1016) 

0.0481 

(1.2844) 

0.0080 

(0.6815) 

0.0302 

(1.2725) 

0.0723 

(2.5608)
 b
 

0.2448 

(5.0245)
a
 

G1  GARCH(1) 

(t-stat) 

0.8141 

(6.8426) 
a
 

0.8583 

(16.5477) 
a
 

0.6340 

(2.7860)  
a
 

0.7568 

(6.0686) 
a
 

0.8769 

(8.2630) 
a
 

0.9159 

(4.1684)  
a
 

0.7613 

(2.6588) 
a
 

0.8178 

(9.4072) 
a
 

0.6684 

(13.4215) 
a
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Table 10.3 

Effect of Climate Change on Stock, Oil and Gas Prices: GARCH (1.1) 

Note: AOGI – the Australian Oil and Gas Index; CALTEX – Australian refining company Caltex Limited; WCOP – World crude oil prices; GOPS – Gas-oil prices (Singapore); GOLPS – Gasoline prices 

(Singapore); COFCP – Crude oil futures contract prices; GOLFCP – Gasoline futures contract prices; WNGP- World natural gas prices; NGFCP – Natural gas futures contract prices.    a, b and c indicate the 
significance level of 1 percent, 5 percent, and 10 percent, respectively. 

  

 AOGI 

R1 

CALTEX 

R2 

 

WCOP 

R3 

GOPS 

R4 

GASOLPS 

R5 

COFC  

R6 

GASOLFC 

R7  

ACOP  

R8 

FOPS 

R9 

WNGP 

R10 

NGFC 

R11 

8  CO2 

(t-stat) 

-0.0586 

(-0.1676) 

-0.2840 

(-0.3613) 

-0.3741 

(-0.7006 

0.0303 

(0.0576) 

-0.1637 

(-0.2898) 

-0.5362 

(-1.2296) 

-0.343 

(-0.759) 

-0.8128 

(-1.732) c 

-0.6140 

(-1.6300) c 

-0.09235 

(-0.3094) 

-0.7247 

(-1.1618) 

1  Temp 

(t-stat) 

0.0159 

(0.0767) 

0.3177 

(0.6029) 

-0.4290 

(-1.3949) c 

-0.4018 

(-1.2568) c 

-0.6331 

(-1.7540) c 

-0.5527 

(-2.2705) b 

-0.4317 

(-1.7329) 

-0.2877 

(-0.867) 

-0.1409 

(-0.6838) 

0.2646 

(1.4069) c 

-0.4760 

(-1.6254) c 

2  Press 

(t-stat) 

-0.1318 

(-1.1674) 

0.0119 

(0.0548) 

-0.2276 

(-1.7483) c 

0.0107 

(0.0656) 

-0.0502 

(-0.2802) 

-0.0934 

(-0.7008) 

-0.0663 

(-0.4984) 

-0.0149 

(-0.082) 

0.0045 

(0.0366) 

0.1386 

(1.3082) c 

-0.0309 

(-0.1745) 

3   Humid 

(t-stat) 

0.0585 

(0.3193) 

-0.0822 

(-0.2044) 

-0.1920 

(-0.6598) 

-0.1283 

(-0.4939) 

0.1477 

(0.4403) 

-0.0583 

(-0.2779) 

-0.0459 

(-0.2035) 

0.0998 

(0.284) 

0.1189 

(0.5186) 

-0.2852 

(-1.5896) c 

-0.13068 

(-0.4334) 

10  GT 

(t-stat) 

-4.7435 

(-0.7488) 

9.9920 

(0.8898) 

-12.9885 

(-1.3370) c 

-13.9915 

(-1.6288) c 

-14.2109 

(-1.4546) c 

-8.2560 

(-1.2276) 

-7.5879 

(-1.1015) 

-8.3690 

(-0.868) 

-2.0586 

(-0.2770) 

5.6274 

(1.2186) 

-1.4130 

(-0.1495) 

9    GCO2  

(t-stat) 

1.7472 

(1.5498) c 

1.2361 

(0.6390) 

2.20659 

(1.3213) c 

0.79518 

(0.5158) 

1.0377 

(0.7141) 

1.3226 

(1.1704) 

0.8437 

(0.7079) 

1.2005 

(0.834) 

2.1668  

(2.4281) b 

-2.0646 

(-1.8660) c 

-0.7559 

(-0.3617) 

k  Constant 

(t-stat) 

3.0838 

(0.3849) 

9.9903 

(0.3996) 

0.0000 

(0.6553) 

6.97676 

(0.0086) 

4.7041 

(0.0256) 

0.0000 

(0) 

0.3836 

(0.0136) 

8.2968 

(0.001) 

7.9255 

(1.1607) 

10.8367 

(1.2184) 

9.0591 

(0.2113) 

A1 ARCH,1 

(t-stat) 

0.0517 

(0.5185) 

0.0308 

(0.7711) 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 

0.5920 

(3.3572) 

0.7183 

(3.2731) a 

0.0414 

(0.5794) 

G1GARCH,1 

(t-stat) 

0.8611 

(2.8883) a 

0.8722 

(3.2917) a 

0.9978 

(26.092) a 

0.8988 

(0.0768) 

0.9481 

(0.4604) 

0.9980 

(20.116) a 

0.9924 

(1.5598) 

0.9001 

(0.012) 

0.4079 

(2.6699) a 

0.2816 

(1.6914) 

0.8594 

(1.6424) 
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10.3 Linear Multiregression Analyses: Return-Association 

Models  

10.3.1 Data and Methodology 

The extremes in climate could be associated with the firms’ value through its 

association with the firms’ performance (earnings). The relationship among climate 

change, GHG emissions, and change in the value of the oil and gas industry, after the 

Kyoto Protocol was ratified, is explored by using an “association” study methodology 

(Ball & Brown, 1968), which is based on the relationship between earnings and returns.  

The Oil and Gas Index represents the leading Australian oil and gas companies, along 

with all the rest of Australia’s domestic and multinational companies that operate, and 

are located, around the world. Caltex Ltd. is located and operates in Australia. Thus, 

two empirical models, 10.1 and 10.2, are applied to investigate the value relevance of 

climate change for the Australian oil and gas industry.  

World crude oil and natural gas prices, and their futures contract prices, serve as 

independent variables in empirical Model 10.1. Australia’s crude oil prices and 

Singapore’s gas-oil spot prices serve as independent variables in empirical Model 10.2.  

For Caltex, empirical Model 10.3, Singapore’s gas and oil prices, fuel prices and 

gasoline futures contract prices serve as independent variables.  

All empirical models include “climate change” variables, as well as economic variables 

such as interest rates and foreign exchange rates.  A total of 114 monthly variables are 

used to examine the value relevance of climate change and greenhouse gas emissions 

between 1997 and 2006.  

Return-Association Model 1: 

Ri,t  = αi,t  + βi,1 1,t + βi,2 2,t  + βi,3 3,t  + βi,8 8,t  + βi,9 9,t + βi,10 10,t  + βi,12X12,t  + βi,13X13,t 

+ βi,14X14,t + βi,15X15,t + βi,21X21,t  + βi,22X22,t  + ei,t                                                            (10.3) 

where R is return, i is subscript (1 = AOGI), and   are Australian temperature, 

pressure, humidity, Australia’s carbon dioxide and global carbon dioxide, global 

temperature, world crude oil prices, natural gas prices, crude oil futures contract 
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prices, natural gas futures contract prices, Australia’s interest rate,  and 

AUD/USA foreign exchange rate as presented in equation 6.8.1. 

All variables in the equation are statistically adjusted to the climate change variables as 

follow: 

Xn,t  = δt + q1D1,t  + q2D2,t   +…+ q12D12,t + εn,t                                                  (10.4) 

where Xn,t are weather variables (described in Table 4.1 and equation 6.8.2), δt is 

the trend, D12,t  the monthly “dummy” variables.  Residuals εn,t from equation 

(10.4) are used as climate change variables n,t in empirical models (10.3), (10.5) 

and (10.6).  

Return-Association Model 2: 

Ri,t = αi,t + βi,1 1,t + βi,2 2,t + βi,3 3,t + βi,8 8,t + βi,16X16,t  + βi,17X17,t + βi,21X21,t + βi,22X22,t +ei,t (10.5) 

where R is return, i is subscript (1 = AOGI), and  are Australia’s temperature, 

Australia’s crude oil prices, gas-oil prices (Singapore), Australia’s interest rate, 

AUD/USA foreign exchange rate as desctibed in Table 4.1. and Table 4.2 and 

presented in equation 6.8.3. 

Return-Association Model 3: 

Ri,t= αi,t+ βi,1 1,t+ βi,2 2,t + βi,3 3,t+ βi,8 8,t+ βi,18X18,t+ βi,19X19,t+ βi,20X20,t + βi,21R21,t+ βi,22R22,t+ ei,t (10.6) 

 where R is return, i is subscript (1 = Caltex Limited), and where  are 

Australia’s temperature,Australia’s pressure, Australia’s humidity, Australia’s 

carbon dioxide emissions, Gasoline prices (Singapore), Gasoline futures contract 

prices, Fuel oil prices (Singapore), Australia’s interest rate, and AUD/USA 

foreign exchange rate as described in Table 4.1 and Table 4.2 and presented in 

equation 6.8.4. 
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10.3.2 Empirical Results  

Table 10.4 shows that multicollinearity for the multiregression analysis is normal, since 

multicollinearity is a concern when the conditional number is >20 (Belsley, et al., 

1980). 

Table 10.4 

Multicollinearity 

 Empirical  

Model  (1) 

Oil & Gas Index 

Empirical   

  Model (2) 

Oil & Gas Index 

Empirical   

  Model (3) 

Caltex Ltd. 

Condition number 2.45 1.96 3.23 

The empirical Returns-Earnings Association Model 1 is used to identify the value 

relevance of earnings and hence, the climate and GHG emissions for the Australian oil 

and gas industry, which includes multinational companies that operate and are located 

globally. The results presented in Table 10.5 indicate that only world crude oil prices 

are highly significant at 0.1611 (t = 2.3927), and an increase in oil prices is associated 

with an increase in the share prices of the AOGI.  

Global CO2 emissions are positively associated with the returns of the Australian oil and 

gas companies, but only at 10 percent level of significance at 1.6449 (t = 1.6056). The 

relationship between Australia’s CO2 and return on investment for the Australian oil and 

gas companies is negative, but insignificant at -0.3952 (t = -0.1196). Additionally, 

extremes in Australia’s weather do not significantly affect world oil prices on a monthly 

basis. A multiple regression analysis for the oil and gas industry show that together the 

oil, gas and futures contract prices, as well as the foreign exchange and interest rates, 

plus climate-related data account for 13.88 percent  (R
2
) of the variance in the oil and 

gas industry value (F = 1.36; p = 0.199).  
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Table10. 5 

Return-Association Empirical Model:                                                                       

The Value Relevance of Climate Change and GHG Emissions 

Ri,t =αi,t+βi,1 1,t+βi,2 2,t+βi,3 3,t+βi,8 8,+βi,9 9,t+β10 10,t+βi,12X12,t+βi,13X13,t+βi,14X14,t+βi,15R15,t+βi,21R21,t+βi,22X22,t+ei,t 

Oil and Gas Index β t- stats 

α       Constant  

Earnings Variables 

α           0.8239 1.4418 

X12  World crude oil price β12            0.1611  2.3927 
b
 

X13  World natural gas price   β 13           0.0472  0.8052 

X14  Crude oil futures contract price  β14          -0.0397 -0.4196 

X15  Natural gas futures contract  

Economics Variables 

β15            0.0030  0.0426 

X21  Interest rate   β21          -0.1758 -0.7619 

X22  Foreign exchange rate  

Climate Change Variables 

β22            0.2101  1.0250 

1  Temperature  β1             0.1385  0.7020 

2   Pressure β2           -0.0948 -0.9347 

3   Humidity  β3              0.1041  0.5615 

8  Australia’s carbon dioxide  β8            -0.0395 -0.1200 

10 Global temperature  β10         -4.8694 -0.8728 

9   Global carbon dioxide  β 9             1.6449  1.6056
 c
 

R
2
 = 0.1388;     F-stat = 1.36; P-value = 0.199;      Est. Err. Var. = 36.3342 

 
 Note  a, b and c indicate the significance level of 1 percent, 5 percent, and 10 percent, respectively. 

 

The empirical Returns-Earnings Association Model 2 was applied to examine the value 

relevance of climate change and GHG for the Australian, domestic only, oil and gas 

companies.  The results presented in Table 10.6 show that only Australia’s crude oil 

prices are of significance to investors. The associations between Australia’s crude oil 

prices and share prices are highly significant and positive ― an increase in domestic oil 

prices is associated with an increase in the share prices of Australian oil and gas 

companies.  
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Table 10.6 

Return-Association Empirical Model 2:                                                                    

The Value Relevance of Climate Change and GHG Emissions 

Ri,t = αi,t  +βi,1 1,t +βi,2 2,t +βi,3 3,t +βi,8 8,t +βi,16X16,t +βi,17X17,t +βi,21X21,t +βi,22X22,t +ei,t   

R 1  Oil and Gas Index   
β t- stats 

α      Constant 

Earnings Variables  

α          0.8324 1.4512 

X16  Australia’s crude oil price β16             0.1457 2.0619
 b
 

X17 Singapore’s gas-oil prices  

Economics Variables 

β17           -0.0118 -0.1523 

X21   Interest rate  β21           -0.1696 -0.7340 

X22   Foreign exchange rate 

Climate Change Variables 

β22             0.2428 1.2036 

1     Temperature  β1            0.1359 0.6369 

2    Pressure β2         - 0.1112 -1.1147 

3   Humidity  β3            0.0266 0.1460 

8    Australia’s carbon dioxide CO2 β8          -0.0662 -0.2006 

R
2
 = 0.1116;      F-stat. = 1.2951;     P-value = 0.2430;      Est. Err. Var. = 36.7495             

Note:  a, b and c indicate the significance level of 1 percent, 5 percent and 10 percent, respectively 

The relationship between Australia’s CO2 emissions and stock returns of the oil and gas 

companies is negative, but insignificant at -0.0395 (t = -0.1200). Multiple regression 

analyses show that together the oil, gas and futures contract price, as well as foreign 

exchange and interest rates, and climate-related data, account for 11.17 percent (R
2
) of 

the variance in the value of the Australian oil and gas industry (F = 1.3; p = 0.243).   

The empirical Returns-Earnings Association Model 3 is used to identify the value 

relevance of climate change and GHG emissions for Caltex. The results shown in Table 

10.7 indicate that only Singapore’s fuel prices are significantly associated with Caltex’s 

returns. Singapore’s fuel prices are usually used as a benchmark for the Australian 

prices. 
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Table 10.7 

Return-Association Empirical Model 3:                                                                    

The Value Relevance of Climate Change and GHG Emissions 

Ri,t = αi,t + βi,1 1i,t + βi,2 2,t + βi,3 3,t + βi,8 8,t + βi,18X18,t + βi,19X19,t + βi,20X20,t  + βi,21X21, t + βi,22X22,t  + ei,t 

Caltex Ltd. β t- stats 

α      Constant  

Earnings Variables 

α           1.2555 1.2983 

X20    Singapore’s fuel price  β20             0.2516  1.7744
 c
 

X18   Singapore’s gasoline price  β18             0.1984  1.2820
 c
 

X19    Gasoline futures contract price  

Economics Variables 

β19             0.2341  1.0401 

X21   Interest rate  β21             0.2145  0.5491 

X22    Foreign exchange rate  

Climate Change Variables 

β22             0.1405  0.4165 

1     Temperature  β1               0.5092  1.5291
 c
 

2    Pressure  β2               0.0134  0.0798 

3     Humidity  β3               0.0817 -0.2676 

8      Australia’s carbon dioxide CO2 β 8            -0.0186 -0.0355 

R
2
 = 0.0739;      F-stat. = 0.9230;    P-value = 0.05084;   Est. Err. Var. = 104.3982   

 

Note:  a, b and c indicate the significance level of 1 percent, 5 percent and 10 percent, respectively       

The relationship between fuel prices and share prices of Caltex are significant and 

positive at 0.2516 (t = 1.7744) at the 5 percent level of significance. Singapore’s 

gasoline prices also are significant, but at a 25 percent level of significance. Also, 

Australia’s temperature is associated positively with Caltex’s share prices at 0.5092 (t = 

1.5291). The relationship between Australia’s CO2 emissions and returns on investment 

in oil and gas companies is negative, but insignificant at -0.0186 (t = -0.0355). The 

results show that together, the oil, gas, and futures contract price, as well as foreign 

exchange and interest rates and climate related data, account for 7.39 percent (R-

squared) of the variance in the value of the oil and gas industry (F = 0.92; p = 

104.3982).  
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10.4 Fama & French-Climate Change Model 
10.4.1 Data and Methodology 

Traditional finance attempts to model the economic behaviour of the capital market on 

the premise that investors act rationally. Consequently, traditional finance assumes that 

an asset’s price is based on supply and demand. The theory of stock price behaviour was 

developed by Markowitz (1952), and assumes that any unreasonable individual decision 

influencing the price of assets is absorbed by the efficient market, which reflects the 

market price and thus, the true value of the assets. Basu (1977, 1983) also showed that 

the size and market capitalization effect is also important evidence. Finally, Fama and 

French brought together size, leverage, E/P, and beta in a single cross-sectional model 

(1992), which applied their three-factor model, which includes size (ME, stock price 

times number of shares), price/earnings ratio (P/E) and book-to-market equity (the ratio 

of the book value of a firm’s common stock, B/E, to its market value, ME). Moreover, 

Fama and French’s Three-Factor model (10.5), based on finance and accounting 

variables, is extended by adding an additional environmental factor such as “climate 

change” and “global warming”: 

Ri,t = αi,t + βi,1 1,t + βi,2 2,t + βi,8 8,t + βi,9 9,t + βi,10 10,t + βi,23X23,t + βi,24X24,t + βi,25X25t +ei,t (10.7)    

 i = 1 

 where R is return, i is subscript (1 = AOGI), and where  are Australia’s 

temperature, Australia’s  air pressure, Australia’s CO2 level, global CO2, global 

temperature, sales (size) in AUD, BV/MV (book-to-market value), and E/P 

(earnings/price ratio) as described in Tables 4.1 and 4.2 and presented in equation 

6.9.1. 

 

10.4.2  Empirical Results  

The Fama and French Three-Factor Model is used to investigate the effect of climate 

change and GHG emissions on Australian oil and gas companies’ annual stock returns. 

The results, presented in Table 10.8, show that these three factors (temperature, pressure 

and humidity), and environmental variables account for 29.2 percent of the variance. 

Moreover, the F-test indicates that the overall fit of the model is significant (F = 4.071;  
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p < 0.00; critical value = 1.83). The results indicate that two of the three factors of the 

finance model are statistically significant. Size (Sales) 0.27 (t = 3.607), is positive and 

highly significant at 1 percent level of significance. Book-to-market equity also is 

explained for the returns on oil and gas companies (-0.925; t = -1.936) at 10 percent 

level of significance. Consistent with Fama and French’s (1992a) study, “in 

combination of size (Sales) and book-to-market equity (BV/ME) seem to absorb the 

apparent roles of leverage and E/P in average returns” (p.3).  

Table 10.8 

Effect of Climate Change on Annual Stock Returns:                                            

Fama and French-Climate Change Model 

Ri,t = αi,t + βi,1 1,t +βi,2 2,t + βi,3 3,t + βi ,88,t + βi,9 9,t + βi,10 10,t + βi,23X23,t + βi,24X24,t  + βi,25X25,t + ei,t 

Oil and Gas Index β t- stats 

α     Constant   

Fama and French Three Factors 

α           201.7200  1.2640 

X23   Sales  β23            0.2500  3.6070 
a
 

X24   BV/ME  β24           -0.9250 -1.9360 

X25   E/P  

Climate Change Variables 

β25            0.0080  0.5420 

1      Temperature  β1            -307.2170 -1.6970
 c
 

2     Pressure  β2            -38.2320 -.03370 

3      Humidity β3            -118.8230 -1.6730
 c
 

8      Australia’s CO2  β8            -235.4470 -3.030 0 
a
 

10   Global temperature   β11           -0.0780 -0.6480 

9      Global CO2  β9              245.2720  3.1670  
a
 

R
2
 = 0.292;     F-stat = 4.071; P-value = 0.000;      Est. Err. Var. = 212.71 

 Note: a, b and c indicate the significance level of 1 pecent, 5 percent, and 10 percent, respectively 

Also, Australian extreme temperature (-0.560; t = -1.6973), and humidity (-118.823;      

t = -1673), are significant at a 10 percent significance level. Furthermore, a significant 

relationship exists between global CO2 emissions and Australian oil and gas companies’ 

returns, and this relationship is highly significant and positive, at (245.272); (t = 3.167). 

In contrast, a significant but inverse relationship exists between Australian CO2 

emissions and Australian oil and gas companies’ returns (-234.447; t = -3.030). 

Compared with previous results (Section 9.1.2.6, Table 9.6), this relationship between 

Australian CO2 emissions and share prices changes from highly significant and positive 

(0.164; t = 3.2919) for 1983 to 2006, to highly significant and negative (-234.447;          

t = -3.030) for 1997 to 2006.  
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10.5 Fama and French-Behaviour-Climate Change Model 
10.5.1  Data and Methodology 

Carhart (1995) constructed a four-factor model using Fama and French’s variables by 

adding an additional factor that captured Jagadeesh and Triman’s (1993) 1-year 

anomaly, which is called the momentum effect. Momentum is characterized by a short-

term continuation of up to 3, 6 and 12 months, whereby stocks with high returns in the 

past continue to have high returns in the future (as discussed in section 3.2.1.2 and 

4.3.2). Becker and Ochman (2004) apply a logistic model based on finance, accounting 

and behavioural explanatory variables to predict extreme performance in the European 

stock index. Researchers in general found that variables in the model based on 12, 24 

and 36-month (1, 2, and 3 years) returns are the most effective in distinguishing extreme 

winners from extremes losers. The contrarian approach, uses long-term returns and 

builds on the assumption that the market overreacts before eventually reverting toward 

fundamental values, suggests that based on this portfolio strategy, an investor would 

buy (or sell) into a portfolio that has performed poorly (or well) during the previous 3 

years. 

Following Fama and French (1992), and Becker and Ochman (2004), this study 

constructed a four-factor model based on finance, accounting and behavioural variables 

by adding an additional environmental factor (e.g., using variables such as “climate 

change” and “global warming”). Since this study investigates the effect of climate 

change and GHG, the
 
first-factor (proxy for size) “ME” (market value) is replaced with 

“sales.” The total value of annual sales is an accounting measure that is selected as a 

proxy for size and current oil and gas prices. This study assumes that production will 

significantly associate with carbon dioxide emissions.  

Following Becker and Ochman (2004), but in contrast to Carhart (1995), instead of       

a 1-year momentum, the contrarian effect was included as a behavioural factor in the 

explanation of returns. Contrarian strategies focus on market anomalies such as 

outperformance in earnings or book value. Moreover, as noted earlier, oil and gas 

companies could have abnormal losses during the exploration period and afterwards 

could generate significant profits. Therefore, the “losers” could become “winners” in a 

3-year period. This study added global and Australian annual temperature anomalies, 



278 

 

extreme atmospheric pressure that signals extreme weather changes, and global and 

Australian CO2 emissions and global warming as the environmental factors. The sample 

includes 10 Australian oil and gas companies with abnormal returns and with abnormal 

losses between 1997 and 2007, and the following empirical model is applied: 

Ri,t= αi,t+βi,1 1,t+βi,2 2,t+βi,3 3,t+βi,8 8,t+βi,9 9,t+βi,11 11,t+βi,23X23,t+βi,24X24,t +βi,25X25,t+βi,26X26,t+eit   (10.8)    

 i = 5 

 where R is return, i is subscript (5 = Australian oil and gas companies), and   

are Australia’s temperature, Australia’s air pressure, Australia’s carbon dioxide 

level, global carbon dioxide from fuel emissions, global temperature anomalies, 

sales (size) in AUD, BV/MV (book-to-market value), E/P (earnings/price ratio), 

and long-term reversal (the contrarian effect)as described in Table 4.1 and Table 

4.2 and presented in equation 6.9.2 

 

10.5.2 Empirical Results 

Fama and French’s Three-Factor Finance Model is extended by a behaviour factor ― 

the contrarian effect, and an environmental factor ― temperature and pressure, with 

“climate change” and “global warming” as variables, and is employed to investigate the 

effect of climate change and GHG emissions on Australian oil and gas companies’ 

annual stock returns. The results, presented in Table 10.9, show that climate change, 

global warming, controlling for size, book to market, earnings and contrarian effect 

variables account for 28.8 percent of variance in Australian oil and gas companies’ 

returns. Moreover the F-test indicates that the overall fit of the model is significant (F = 

3.996; p < 0.00; Critical value = 1.83). 

The results indicate that the size (oil and gas sales) 0.335 (t = 3.576) is positive and 

highly significant at the 1 percent level. Book-to-market equity also is explained by the 

returns of Australian oil and gas companies (-0.175; t = -1.700), but at the 10 percent 

level of significance. Consistent with Fama and French (1992a) “in combination, size 

and book-to-market equity seem to absorb the apparent roles of leverage and E/P in 

average returns” (p. 3). Contrarian Behaviour as a variable is not significant                   

(-0.222; t = -0.970). 
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Table 10.9 

Effect of Climate Change on Annual Stock Returns:                                             

Fama & French-Behavioural-Climate Change Model 

Ri,t = αi,t + βi,1  1,t  + βi,2 2,t + βi,8 8,t  + βi,9 9,t + βi,11X11,t + βi,23X23,t + βi,24X24,t + βi,25X25,t  + βi,26X26,t  + ei,t  

Oil and Gas Companies β  t- stats 

α     Constant   

Fama and French Three Factors 

α         201.7200   1.2640 

X23   Sales  β23              0.3350   3.5760
 a
 

X24   BV/ME  β24            -0.1750 -1.7000 

X25   E/P 

Behavioural Factor 

β25              0.0450   0.4890 

X26   3-year reversal-Contrarian effect  

Climate Change Variables 

β26            -0.2220 -0.9700 

1     Temperature β1              -0.2260 -1.3420
c 

2     Pressure  β2              -0.2320 -2.5080
 b
 

8     Australia’s CO2  β8              -235.45 -2.1010
 b
 

11   Global temperature anomalies  β11            -0.2130 -1.4470
c 

9    Global CO2 from fuel emissions 
β9                2.1700   2.3480

 b
 

R
2
 = 0.288;     F-stat = 3.996; P- value  = 0.000;      Est. Err. Var. = 213.29 

Note: 
a
, 

b
 and 

c
 indicate the significance level of 1 percent, 5 percent and 10 percent, respectively  

Some climate change variables appear to be significant. Australia’s extreme temperature 

(-0.226; t = -1.342), and global temperature anomalies (-0.213; t = -1.447) are negative 

and significant, but only at 10 percent level of significance. However, oil and gas 

companies have started to hedge the risks caused by unexpected weather conditions. 

Temperature-related protection continues to be the most prevalent of all contracts. 

Results show that swings in atmospheric pressure, which signals a forthcoming extreme 

weather change, is negative and highly significant (-0.232; t = -2.508). Low 

atmospheric pressure is frequently associated with strong winds, tropical storms and 

cyclones. For example, two major hurricanes, Katrina and Rita, caused significant 

disruptions to the Australian PETSEC Energy Ltd.’s production, operations and 

development activities. As a result of high natural gas prices and production shut-ins, 

PETSEC recorded approximately $4.6 million in derivative losses in 2005.  

Furthermore, a significant relationship exists between global CO2 emissions and oil and 

gas company returns, and this relationship is highly significant and positive 2.170         

(t = 2.3487). In contrast, a significant but inverse relationship exists between Australian 

CO2 emissions (-234.447; t = -2.101). Again, this supports results from previous section 
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10.3.2, and indicated a relationship between Australian CO2 emissions and share prices, 

and changed from highly significant and positive 0.164 (t = 3.2919), for the period from 

1983 to 2006, to highly significant and negative (-234.447; t = -2.101).   

 

10.6 Discussion, Summary of Results and Conclusion 
10.6.1 Reactions of Financial Markets 

Three Fama and French factors such as the size of firms, book-to market value, and 

earnings/price ratio as well as industry specific “earnings” factors could influence 

results. The relationship between climate change and capital market returns is modeled 

as extended Return-Earning Association Model and the Three Factor Fama and French 

Model. The new Return-Association, Fama and French-Climate Change Model, and 

Fama and French-Behavioural-Climate Change Model are formed. Moreover, the 

effects of climate and global warming variables on the industry-specific “earnings” 

variables were tested before the inclusion of them in the Return-Association Model. 

Climate change and GHG emissions could affect all these industry- related “earnings” 

variables, thus their effect was examined separately in GARCH process. Results, shown 

in Table 10.10, indicate that the ARCH and GARCH effects on stock, oil, gas prices, 

and that variance from the last volatility is significant and affects all daily and weekly 

prices. The variance level is highly significant for world crude oil and crude oil futures 

contract prices, and affect them on a monthly basis. Also, variance is significant for, and 

affects all, monthly prices except Singapore’s gas-oil, gasoline prices and Australian 

crude oil prices. The effect of the most recent “shock” or “news” is highly significant 

and affects all daily stock, oil, gas, petroleum and futures contract prices. On a weekly 

basis, prices become insignificant and are not affected by “shock” or “news.” 



281 

 

Table 10.10 

Summary of GARCH (1.1) Results: ARCH and GARCH Effects 

Note: AOGI –  the Australian Oil and Gas Index; CALTEX – Australian refining company Caltex; WCOP  – World crude oil price; GOPS –  Gas-oil prices (Singapore); GOLPS – Gasoline prices (Singapore); 

ACOP – Australian crude oil prices; FUOPS – Fuel oil prices (Singapore); COFCP- Crude oil futures contract prices; GOL FCP – Gasoline futures Contract prices; WNG–P World natural gas prices; NGFCP - 
Natural gas futures contract prices. 

 AOGI 

R1 

CALTEX 

R2 

 

WCOP 

R3 

GOPS 

R4 

GOLPS 

R5 

COFC 

R6  

GOLFCP 

R7  

ACOP  

R8 

FUOPS 

R9 

WNGP 

R10 

NGFCP 

R11 

Monthly data – GARCH(1.1) 

A1      ARCH,1  

(t-stat) 

Not sig Not sig 0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 

0.5920 

(3.3572) 

0.7183 

(3.27) 

Not sig 

G1 GARCH,1 

(t-stat) 

0.8611 

(2.888) 

0.8722 

(3.2917) 

0.9978 

(26.09) 

Not sig Not sig 0.9980 

(20.11) 

Not sig Not sig 0.4079 

(2.669) 

0.281 

(1.69) 

0.8594 

(1.642) 

Weekly – GARCH (1.1) 

A1   ARCH,1 

 (t-stat) 

Not sig 0.0753 

(3.2618) 

Not sig 0.0865 

(2.1016) 

Not sig Not sig Not sig 0.0723 

(2.5608) 

0.2448 

(5.0245) 

  

G1 GARCH,1 

(t-stat)  

0.8141 

(6.842) 

0.8583 

(16.547) 

0.6340 

(2.786) 

0.7568 

(6.068) 

0.8769 

(8.263) 

0.9159 

(4.168) 

0.7613 

(2.658) 

0.8178 

(9.407) 

0.6684 

(13.421) 

  

Daily data – GARCH (1.1) 

A1    ARCH,1 

(t-stat) 

0.0790 

(8.4516) 

0.0894 

(14.7798) 

0.1147 

(8.6516) 

0.1339 

(8.7511) 

0.0785 

(6.4714) 

0.0725 

(9.555) 

0.0685 

(6.9675) 

    

G1 GARCH,1 

(t-stat) 

0.8846 

(58.45) 

0.8819 

(114.12) 

0.7435 

(23.33) 

0.7559 

(27.50) 

0.8161 

(28.96) 

0.8597 

(50.98) 

0.8240 

(38.43) 
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A summary of the results presented in Table 10.11 shows the effects of extreme 

temperature and significant changes in global temperatures on the share, oil, gas and 

other relevant prices. The GARCH (1.1) model indicates that on a monthly basis 

Australia’s extremes in temperature are significantly associated with crude oil futures 

contract prices. Thus, the market and derivatives market react to temperature extremes 

that could affect demand for products 

Table 10.11 

Summary of GARCH (1.1) Results: Effects of Significant Change in Temperature 

on Stock, Oil And Gas Prices in Australia and Globally  

Another factor, commodity price risk, plays a dominant role in the oil and gas industry. 

Widely fluctuating oil and petroleum spot prices encourage energy firms and investors 

to manage risks that arise from the high volatility of energy prices and demand affected 

by weather conditions (German, 1998). Consistent with previous results in this study, 

temperature appears to be insignificant for oil, gas and refining companies. A weather 

hedge enables weather-sensitive sectors to achieve weather dependent result 

stabilisation in the context of integrated risk management (Weather Management Risk 

Association, 2003). Before 1997, oil and gas companies managed their losses and 

possible losses through price-hedging derivatives, while volumetric risks caused by 

unexpected climatic conditions were largely left unhedged. Weather derivatives have 

become an important tool for managing the risk associated with uncertainty in both 

weather and climate change. Weather derivatives contracts are based on data such as 

temperature, which influences the trading volume of other goods.  

A summary of results presented in Table 10.12 shows the effect of Australia’s extreme 

atmospheric pressure and humidity on share, oil, gas, and other relevant prices. The 

results indicate that on a monthly basis, atmospheric pressure is not significantly 

associated with share, oil and gas related prices. On a weekly basis, an extreme high 

humidity event, which could affect demand for gasoline and oil, could significantly 
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Monthly  data  

1Temp 

(t-stat) 

N/S N/S N/S N/S N/S -0.5527 

(-2.2705) 

N/S N/S N/S N/S N/S 
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affect Caltex’s share price. Results indicate that oil and gas company investors have 

incorporated weather forecasting information into their investment decisions, and this is 

reflected in share prices. On a day-to-day basis, humidity as a weather forecasting 

characteristic is highly significant and affects world crude oil and gasoline prices. Since 

Australia’s imports increased significantly beginning in 2000, it is possible that 

Australia’s weather extremes could affect demand, and hence, the price of oil. This 

study finds that atmospheric pressure changes, which predict a major change in the 

weather such as a storm or hurricane, significantly affect the crude oil futures contract 

prices.  

The results summarized in Table 10.13 show the effect of Australian and global CO2 

emissions on share, oil, gas and other earning-relevant prices shown in the table. Since 

carbon-based fuel is considered the driving force of greenhouse gas emissions, the 

relationship between global CO2 emissions and fuel oil prices is highly significant. On a 

weekly basis, the association between Australia’s CO2 emissions and all prices is 

insignificant.  

However, on a daily basis, a decrease in Australia’s emissions is positively associated 

with gas-oil spot prices, but the reaction of Australian oil and gas industry investors is 

negative and highly significant. Moreover, the previous results shown in Section 

9.1.2.6, Table 9.6, reveal that the association between Australia’s emissions and 

investment returns in the Australian oil and gas industry between 1983 and 2006 is 

positive and highly significant, 0.164 (t = 3.2919).   
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Table 10.12 

Summary of GARCH (1.1) Results: Australia’s Extreme Pressure and Humidity Effect on Stock, Oil and Gas Prices 

Note: AOGI – the Australian Oil and Gas Index; CALTEX – Australian refining company Caltex; WCOP –World crude oil prices; GOPS – Gas-oil prices (Singapore); GOLPS – Gasoline prices (Singapore); 

ACOP – Australian crude oil prices; FUOPS – Fuel oil prices (Singapore); COFCP- Crude oil futures contract prices; GOL FCP – Gasoline futures Contract prices; WNGP- World natural gas prices; NGFCP - 
Natural gas futures contract prices. 
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 3 

Humidity 

(t-stat) 

N/S 0.1446 

(2.528) 

N/S N/S N/S N/S N/S N/S N/S   

Daily data  

2 Pressure 

(t-stat) 

N/S N/S N/S N/S N/S 0.0148 

(2.2579) 

N/S     

3 Humidity 

(t-stat) 

N/S N/S 0.0365 

(2.3453) 

N/S 0.0349 

(2.3343) 

N/S N/S     
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Table 10.13 

Summary of GARCH (1.1) Results: Australia’s and Global CO2 Emissions’ Effects on Stock, Oil and Gas Prices 

Note: AOGI – the Australian Oil and Gas Index; Caltex – Australian returns of the refining company Caltex; WCOP –World crude oil prices; GOPS –Gas-oil prices (Singapore); GOLPS – Gasoline prices 

(Singapore); ACOP – Australian crude oil prices; FUOPS – Fuel oil prices (Singapore); COFCP- Crude oil futures contract prices; GOLFCP – Gasoline futures Contract prices; WNGP- World natural gas 

prices; NGFCP - Natural gas futures contract prices. 
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The results of the Return Association Model indicate that climate change and GHG 

emissions are not value relevant. Only world crude oil prices and Australia’s crude oil 

prices influence oil and gas companies’ share prices. Singapore’s fuel prices are 

positively associated with Caltex’s share prices, but only at 5 percent level of 

significance. The Return-Earning Association Model does not capture climate and GHG 

effects. Since returns and energy prices have different variances, extremes in weather 

and GHS emissions could contribute to this variation.   

Fama and French-Cliamte Change Model’s results confirm that on an annual basis the 

returns for the Australian oil and gas companies are positively associated with oil and 

gas production and global CO2. However, the relationship between these returns and 

Australian CO2 emissions is negative and highly significant. Moreover, the Fama and 

French-Behavioral-Climate Change Model more sufficiently explains the returns on the 

investment compared with the Return-Earning Association Model.  Furthermore, 

Australian CO2 emission is negatively associated with Australian oil and gas firms’ 

share prices, even though there is a positive and highly significant relationship between 

share prices and annual sales, which accounts for production and oil and gas prices.  

However, global CO2 emissions are positively associated with share prices and sales. 

The sample includes the largest Australian oil and gas multinational companies, which 

operate around the world and in Australia.  Nevertheless, the question remains: Are 

investors becoming greener and reacting to climate impact or are they worried about 

industry sustainability, given that oil and gas production is dependent on climatic 

conditions?  Table 10.14 presents the summary of the results. 
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Table 10.14 

Summary of Empirical Results: Environmental Variables in Financial Models 

Return-Association Models 

Period Following the 1997 Kyoto Protocol 

Return-Association 

Models 1 

 

 

 

 

Sample 

 

Empirical Results 

 

Return-Association 

Models 2 

 

 

 

 

Sample 

 

 

 

 

Return-Association 

Models 3 

 

 

 

 

Sample 

Empirical Results 

 

 

 

Fama & French–

Climate Change  

 

 

Sample 

Data  

 

Empirical Results 

 

 

Fama & French–

Behavioural– 

Climate Change  

Sample  

Data 

Empirical Results  

Returns = F (industry-specific factors: world crude oil prices, natural gas prices, 

crude oil futures contract prices, natural gas futures contract prices; economics 

factors: Australia’s interest rates and AUD/USA foreign exchange rates; and 

climate change factors: Australia’s and global temperature, pressure, humidity, 

Australia’s and global carbon dioxide)  

 

 AOGI  

 

World Crude Oil spot price 0.1611 (t = 2.3927), 

Global CO2 1.6449 ( t = 1.6056) 

Returns = F (industry-specific factors: world crude oil prices, natural gas prices, 

crude oil futures contract prices, and natural gas futures contract prices; 

economics factors: Australia’s interest rates and AUD/USA foreign exchange 

rates; and climate change factors: Australia’s temperature, pressure, humidity, and 

Australia’s carbon dioxide) 

 

AOGI 

 

Australian Crude oil spot price0.1457 (t = 2.0619) 

Global CO2  1.6891 (t = 1.6621). 

 Returns = F (pressure, Australian temperature, humidity, and carbon dioxide); 

refining company-specific factors: fuel spot price (Singapore), gasoline spot price 

(Singapore), gasoline future contract price; economics factors: Australia’s interest 

rate and AUD/USA foreign exchange rates; climate change factors: Australia’s 

temperature, pressure, humidity, and Australian  carbon dioxide) 

 

Caltex Limited (Australian refining company located and operating in Australia) 

Fuel spot price 0.2516 (t = 1.7744), gasoline spot price 0.1984 (t = 1.2820), 

Temperature 0.5092 (t = 1.5291). 

 

 

Returns = F (Fama and French factors: Sale, BV/ME, E/P; climate change factors:  

Australia’s and global temperature, pressure, humidity, Australian, and global 

carbon dioxide)  

 

AOGI 

 Quarterly 

 Sale 0.2500 (t = 3.6070), BV/ME -0.9250 9t = -1.9360),  

Temperature 307,217 (t = -1.6770), Humidity -118.823 (-1.6730),  

Australian C02  -325.447 (T = -3030), Global CO2  245,271  (t  = 3.1670). 

Returns = F (Fama and French factors: Sale, BV/ME, and E/P; behavioural factor: 

Contrarian effect; climate change factors: Australian and global temperature, 

pressure, humidity, and Australian and global carbon dioxide)  

 

Australian Oil and Gas companies  

Annual 

Sale 0.335 (t = 3.576), Pressure -0.2320 (t = -2.5080),  

Temperature -0.226 ( t = -1.3420), Australian CO2 -234.447 (t = -2.1010), Global 

CO2  2.170 (t = 2.348). 
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10.6.2  Responses of Oil and Gas Industry  

In the 19
th

 century, oil was associated with the significant connection between economic 

development and industrial evolution. In the 20
th

 century, oil and gas have led to world 

domination, which, in turn, has brought about ideological and international supremacy 

(Economides & Oligney, 2000). However, in the 21
st 

century, climate change, “peak 

oil,” and energy security concerns point to a different future for the oil and gas industry 

(Lubber & Solo, 2007). The oil and gas industry faces growing constraints in accessing 

oil and gas reserves, as the continual search for new sources conflicts with growing 

efforts to protect biodiversity and preserve ecosystems.   

In 2007, Australia had 1.6 billion barrels of oil. The majority of these reserves are 

located off Australia’s west coast in the Carnarvon basin, and in Bass Strait off the 

south coast. According to the Oil and Gas Journal (OGJ), Australia had 3.3 billion 

barrels of proven oil reserves as of January 1, 2010, more than double the 2009 OGJ 

estimate of 1.5 billion barrels. Increases in reserve estimates are based on additional oil 

liquids reserves, mainly natural gas liquids and other liquids, discovered through the 

ongoing drilling taking place in already producing oil and natural gas basins. The 

majority of these reserves are located off the coasts of Western Australia, Victoria, and 

the Northern Territory. 

Australia’s oil production increased gradually since 1980, peaking in 2000 at 805,000 

barrels per day (bbl/d) and has since been declining. In 2003, production fell 

dramatically to 630,522 bbl/d. In 2006, Australia produced approximately 562,000 bbl/d 

of oil. Australia experienced decreasing oil production due to some oil-producing basins 

experiencing natural declines, coupled with a lack of new fields coming online (EIA, 

2009). In 2006, Australia consumed approximately 925,000 bbl/d of oil, which required 

net imports of around 362,200 bbl/d, or 39 percent of total consumption. By 

comparison, net oil imports in 2000, averaged only 65,000 bbl/d, or 7 percent of total 

consumption (Figure 10.1).  
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Figure 10.1 Australia’s Oil Production and Consumption 

In the beginning of year 2010, oil production totaled 589,000 barrels per day (bbl/d), of 

which 81 percent (476,000 bbl/d) was crude oil. According to the Australian Petroleum 

Production and Exploration Association (APPEA), a continued decline in oil liquids 

production is expected over the next decade. Petroleum import dependency was 

expected to increase to around 80 percent in the near future. The majority of Australia’s 

imported crude comes from other countries. Australia’s key oil producers, Santos 

Limited and Woodside Petroleum Limited, have shown signs of increasing domestic 

exploration and bringing new projects online in the hope of increasing domestic oil 

supplies and reducing imports. 

The Pyrenees and Van Gogh projects in offshore Western Australia began their 

production in the first quarter of 2010. According to the Australian Bureau of 

Agricultural and Resource Economics (ABARE), these projects are expected by to 

increase oil exports by 7 percent in 2010-2011. Moreover, the high productions, aided 

by the Kipper and Turum fields starting up in the beginning of 2011 are expected to 

offset the fall in output in other fields at least in the short term. 
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All these concerns now require a radical restructuring of the oil and gas industry 

(Lubber & Solo, 2007). While oil and gas companies must continue to meet the 

demands future consumers of oil and gas, they also must prepare for a future in which 

energy alternatives will play a much more significant role. Today, oil and gas 

companies associated with fossil fuel are shifting to clean-technological products and 

services in the oil and gas industry.  Figure 10.1 highlights that while the present-day oil 

industry has just one sector ― conventional oil ― in the new oil industry, conventional 

oil will be one of three sectors.   

 

Figure 10.2 The New Oil and Gas Industry 

One of the new energy sectors, called substitute liquid fuels, produces fuel from both 

biomass and hydrocarbon sources other than crude oil. The second new sector called 

efficiency, refers to the use of electricity as non-liquid alternative fuel, specifically for 

vehicles now under development. These sectors are expected to both complement and 

compete with one another (Paul, 2007).  

The New Oil &Gas Industry 
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Alternatives to oil are being explored and produced by the oil and gas industry, as well 

as their clean-technology competitors (Anderson, 2007). Thus, these new risks and 

opportunities bring great uncertainty that requires new derivative instruments and a new 

management approach. Moreover, extreme weather brings risks and opportunities that 

consequently link to risk management presented by derivatives, insurance, catastrophic 

bonds and new technologies.  All these factors could affect the market value of the 

industry.  

Climate change is a long-term issue, requiring urgent but informed action to stabilize 

atmospheric greenhouse gas concentrations. As global stakeholders in the energy 

business, Australian oil and gas companies recognise that one of their key 

environmental responsibilities is to pursue strategies to slow down harmful climate 

change. While major oil and gas companies take different approaches, they all share a 

self-imposed vigilance that applies to their environmental behaviour as well as their 

social responsibility (Economides and Oligney, 2000).  

For example, as a global stakeholder in the energy business, Santos is currently 

pursuing strategies that address climate change. The company plans to take steps to 

reduce the carbon intensity of its products by focusing on energy efficiency and 

development of low emission technologies. Santos has established a GHG emissions 

reduction program and discloses their greenhouse gas emission profile annually and it 

carefully examines forecasted emissions. Also, Santos proposes to manage and monitor 

climate change risks and to assist government in the design of effective and equitable 

climate change regulations and policies.  

Moreover, in 2004, Santos won the Australian Petroleum Production and Exploration 

Association’s Environmental Award, and in 2007, was a finalist in the national Banksia 

Environmental Awards, for its role in permanently protecting Australia’s unique lakes 

wetland from future mining and petroleum exploration activity. Santos’ development of 

a solar powered air compressor, which reduced GHG emissions, won the South 

Australian Chamber of Mines and Energy’s 2002 Environmental Excellence Award. In 

addition, Santos continues to monitor and develop renewable energy technology, 

including wind, solar, and geothermal technology, to replace the oil and gas it uses in its 
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operations. Santos is also focused on energy efficiency. In 2010, through the energy 

efficiency programs company has implemented a range of efficiency projects, which 

will deliver savings of 4.5 petajoules of energy per year, and approximately 253,960 

tonnes of CO2. In 2010, Santos production was 49,900 thousand barrels (bbl), sales 

$2,228 million and profit $498 million (Santos, 2000-2010). 

By contrast, lobbying by Woodside Petroleum contributed to the former Australian 

coalition government’s initial decision against emissions trading scheme in August 

2000. The company also opposed the new Labour government’s Carbon Pollution 

Reduction Scheme in 2009.  Woodside Petroleum is also a key Australian oil producer 

that believes that this scheme will add “significant” costs to the export of Australian 

gas, and will come at the expense of jobs. The increased costs are burdens that 

competitor countries show no signs of imposing any time soon (Macdonald-Smith, 

2009). In 2010, Woodside Petroleum production was 72,200 thousand barrels (bbl), 

sales $4,193 billion and profit $1,575 billion (Woodside Petroleum, 2000-2010). 

Woodside had 28 reportable environmental incidents in 2005, doubling that of 2004 and 

reduced to 4 in year 2010. While some incidents temporarily exceeded oil-in-water 

limits, which occurred during process upsets and production shutdowns and start-ups, 

others were reportable oil spills. Greenhouse gas emissions by Woodside increased by 

15 percent in 2005, and energy consumption increased by 16 precents over 2004, 

largely due to increased gas (LHG) production from the Karratha Gas Plant. The 

company also reported the flaring 20 percent increase at Karratha Gas plant emissions 

and 18 per cent decrease in offshore facilities due to process changes and decreased in 

production. In year 2010, company reported a significant decrease in emissions 

Woodside Annual Report, 2005 -2010).   

In contrast, Caltex supports a refining industry policy based on cleaner fuels for reduced 

air pollution and GHG emissions, and continues to participate in the Greenhouse 

Challenge Program. Since 2006, Caltex continues to work towards clean fuel 

manufacturing capability to meet federal mandatory standards for reducing benzene in 

petroleum and sulphur in diesel. In 2005, Caltex more than doubled its capital 

expenditure in “green” programs and technology to $529 million, investing in refinery 
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efficiency projects, and invested $500 million in a Clean Fuels Project to reduce air 

pollution from vehicle emissions through cleaner petrol and diesel. 

Petroleum and diesel will remain important fuels for vehicles for many years. However, 

biofuels and other alternative fuels can be a significant part of Australia’s future fuel 

mix and help to tackle the issues of climate change and energy security.  In 2010, Caltex 

sold 100 million litres of neat biofuels. In 2010, Caltex Limited production was 20,500 

thousand barrels (bbl)., sales $15,1 million and profit $318 million (Caltex, 2000-2010), 

(Caltex Limited, Annual Reports 2004–2010).  Nevertheless, at present the majority of 

Australia’s oil and gas companies are addressing climate change issues and investing 

capital in new and renewable technologies. Moreover, investors still view oil and gas 

industry as one of the most profitable sectors of economy.  

 

10.6.3 Conclusion 

Climate change and GHG emission are value relevant and investors are becoming 

“greener” following the 1997 Kyoto Protocol. A significant positive relationship 

between returns on investment and greenhouse gas emissions has changed to highly 

significant and negative after year 1997. Return-Earning Climate Change Association 

Model shows that the relationship between climate change and the capital market are 

not significant on a monthly base. The results indicate that oil and gas prices are a more 

important consideration for investors. However, climate change and greenhouse gas 

emissions have had an impact on oil and gas prices and other industry-specific variables 

on daily and weekly base. Moreover, derivatives and insurance are becoming important 

in managing weather and climate risks. 

Nevertheless, a Fama and French-Climate Change Model and also Fama and French- 

Behavioural-Climate Change Model more sufficiently explain and capture the relevance 

of climate change and GHG emissions information. Results indicate that an increase in 

sale associates with an increase in CO2 and return on investment, but returns are 

negatively associated with CO2. Also, a low atmospheric pressure that associates with 

significant change in the weather and humidity, which are used in weather forecasting, 
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are important information for investors. Thus, the results of this study indicate that after 

the introduction of the Kyoto Protocol Policies, climate change and greenhouse gas 

emissions are value relevant and become an important consideration for investors. 

From the oil and gas investors’ perspective, concerns about economic instability, the 

economic impact of oil and gas price volatility and climate change’s effect on the 

economy all create a sense of uncertainty. At the present time, Australia experiences a 

natural decline in oil production, but expects to increase consumption. Among growing 

international efforts to reduce GHG emissions and rising public concerns, shareholders 

could see declines in their investments which are leading investors to view a clean 

energy future not only as a social responsibility issue, but also as an economic 

imperative.  

Additionally, Australian oil and gas companies recognise their environmental 

responsibilities in slowing down GHG gas emissions. The Australian oil and gas 

companies are addressing the climate change problems and investing sufficient amounts 

of capital into renewable and new technologies. Today, oil and gas companies also are 

shifting to clean technologies and new products. 



295 
 

Chapter 11 

Conclusion 

 

11.1 Introduction 

One of the greatest concerns about climate change relates to weather extremes and one 

of the major sources of global GHG emissions is the burning of fossil fuels. The 

Australian oil and gas industry is a key player in the Australian economy, but this 

industry also negatively impacts the environment upon which the industry depends. 

Climate change is becoming one of the most financially significant environmental 

issues facing companies and investors, and also an important determinant of a firm’s 

market value. The foregoing concerns are supported by the impact of climate change on 

both the environment and the global economy, and are identified in the survey of the 

literature, leading to the need for the present research. The purpose of this dissertation is 

to examine the effects of weather, climate change, and GHG emissions on the market 

value of the Australian oil and gas industry. 

Chapter 11 demonstrates how this research has addressed the climate change issue and 

achieved the research objectives by investigating the impact of climate change and 

GHG emissions on market value of the Australian oil and gas industry, arising from the 

reinforcing relationships between this industry and climate change. The first specific 

objective of this research is to investigate the influence of weather and the effects of 

climate change on Australian stock market. The second specific objective is to 

investigate the impact of weather on stock returns of the weather-sensitive oil and gas 

industry. The third specific objective of this research is to investigate the impact of 

climate change and GHG emissions on the Australian stock market and Australian oil 

and gas industry stock returns following the introduction of the 1992 UNFCCC and the 

1997 Kyoto Protocol GHG mitigation policies. 

This Chapter synthesizes and explains results, and provides conclusions for each major 

issue raised in this thesis. Sections 11.2.1 – 11.2.5 concentrate on the major findings and 

evaluate the effects of weather, climate change and GHG emissions, and contextualize 
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contributions to the field of knowledge. Section 11.2.6 evaluates the steps that have 

been taken to achieve the purpose and objectives of this research. Section 11.3 

synthesizes the main points of evidence and conclusions for each major issue. Section 

11.4 discusses the significance and implications of this research to society. Finally, 

Section 11.5 raises questions and suggests areas for further research. 

 

11.2 Summary  

11.2.1 The Value Relevance of Weather and Climate Conditions: The 

Australian Stock Market 

This study investigates the impacts weather and climate conditions have on share prices, 

from the Efficient Market Hypothesis (EMH) and Behavioural Finance (BF) 

perspectives. The previous research in BF assumes that investors are irrational and stock 

prices could be affected by the mental or physical changes in investors’ behavior caused 

by weather conditions (Saunders, 1993; Kramer & Runde, 1997; Trombley, 1997; Pardo 

& Valor, 2003; Tufan & Hamarat, 2004; Dowling & Lucey, 2005 and other studies). In 

contrast, this research assumes that in an active efficient market rational investors 

respond to new weather-related information and could incorporate this information in 

the stock valuation process. To achieve the first specific objective, this research 

empirically examines and discusses (1) the influence of weather conditions on the 

Australian stock market and (2) the impact of climate change on the Australian stock 

market.  

The Australian S&P/ASX All Australian 200 Index and a wide range of weather 

conditions are selected to investigate the influence of weather conditions on the 

Australian stock market. The results of this research from a one-way Granger causality 

test suggest that present and past weather conditions do not influence investors’ 

behaviour, with the exception of humidity (Section 7.2.4). This study finds the influence 

of humidity on the Australian stock market.  

On one hand, under conditions of high humidity, human physical and mental capacity 

can be affected, and consequently impact financial trading activities. Alternatively, 
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investors could respond to new weather-related information. Humidity is an important 

metric that used in weather forecasting by weather sensitive companies (ABM, 2009). 

The Australian S&P/ASX 200 index is a broad market index that also includes weather-

sensitive sectors. Weather sensitive sectors of Australian economy, including the oil and 

gas industry, rely on weather forecast to anticipate demand (ABM, 2009). Thus, 

investors could track humidity and incorporate this important forecasting metric into 

their investment decision-making process. Moreover, weather conditions should be 

more relevant for the weather-sensitive sectors, and more extreme changes in weather, 

should have more significant effects then less extreme weather conditions. 

To investigate how the climate change (extreme weather) affects the Australian stock 

market, this research compares the entire Australian market with the Australian oil and 

gas industry and an Australian refining company. The S&P ASX 200 and the All 

Ordinaries indexes are considered as the Australian overall market indicators, while the 

Australian oil and gas index and the refining company Caltex Limited are considered as 

the weather-sensitive sector and company indicators. The AR-GARCH approach with a 

wide range of weather-related variables that statistically adjusted to “climate change” or 

“weather extreme” variables shows that climate change does not appear to be significant 

for the Australian market. Also, climate change does not appear to be significant for the 

oil and gas industry. However, consistent with multicollinearity analysis and 

Worthington (2006) conclusion, results could be affected by a high correlation between 

the explanatory variables. Also, the Australian oil and gas industry includes 

multinational oil and gas companies that operate around the world and are affected by 

different climatic conditions. 

Nevertheless, the evidence of this study (Section 7.3.3) supports this study’s prediction 

that climate change is value relevant, and that rational investors incorporate climate 

change information into their financial assessments of refining company Caltex, which 

is located in Australia, and affected by local climate conditions. The results suggest that 

high humidity as forecasting information is an important consideration for investors. 

The following Figure 11.1 shows the summary of investigation of the value relevance of 

weather and climate change in the context of the Australian stock market. 
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Figure 11.1 The Value Relevance of Weather and Climate Change: The 

Australian Market 

In addition, results revealed that the stock prices among the three indexes, and Caltex, 

were affected differently. Results confirm the more significant impact of climate change 

on stock returns of the Australian oil and gas sector versus the Australian market. In 

contrast to BF research (Saunders, 1993; Trombley, 1997; Tufan & Hamarat, 2004; 

Dowling & Lucey, 2005 and other studies), empirical results of this research indicate 

that the weather–related information is more relevant for the weather-sensitive oil and 

gas industry.  

1 

• The weather  conditions  do not influence Australian stock returns, with exception of humidity. 
Humidity is an important metric that used as weather forecasting information. 

2 

• The  climate change did not affect  the stock returns of  Australian market. 

• Only  extremely  high humidity is important for the investors of weather-senstiive companies.  

3 

 

•  Stock prices of the Australian market and weather-sensitive companies are affected differently. 
Climate change information is more relevant for the investors of the weather-sensitive companies.  

 
 

• Investigate the influence of weather conditions and the 
impact of climate change on Australian stock market .   

Specific Objective 1 

• The Value Relevance of Weather 

• Humidity is significant for the Australian stock market . 

• The Value Relevance of Climate Change 

•  Not significant for the Australian stock market. 

• Extremely high humidity is significant for  refining company 
Caltex Limited. 

Statistical Results  

• The weather and climate change influence Australian 
stock market. 

• The  forecasting information only influences Australian stock  
returns. 

• The climate change did not affect the stock returns of  
Australian market. 

Conclusion 
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11.2.2 The Value Relevance of Weather: The Australian Oil and Gas 

Industry  

 A considerable amount of academic research have investigated the relationship 

between the weather-related information and other relevant factors such as energy 

demand, consumption, prices, and seasonality in the weather-sensitive sectors (e.g., Al-

Zayer & Al-Ibrahim, 1995; Sailor & Munoz, 1996; Gabbi & Znotti, 2005 and others). 

This research fills a gap and investigates the effect of weather on the share prices of the 

weather-sensitive Australian oil and gas industry and the Australian refining company 

Caltex limited.  

To achieve the second specific objective, this research empirically examines the value 

relevance of weather in the context of the Australian oil and gas industry. In contrast to 

previous research, the maximum temperature and pressure, and the VAR, ARCH, 

GARCH and Markov Switching approaches are applied to investigate investors’ 

reactions to changes in the weather. Temperature and pressure are less correlated 

variables and also could be considered as the weather variables and “climate change” 

variables. The maximum temperature is selected as the weather condition and also as a 

proxy for global warming. The daily atmospheric pressure that signals shifts in the 

weather is selected as a weather variable and also as a proxy for climate change.  As this 

study predicted, a significant relationship exists between the change in weather and 

change in the market value of the oil and gas industry, and Caltex. 

The VAR approach reveals that investors react to the changes in pressure and 

temperature within 6-10 days. The ARCH and GARCH approaches revealed that 

atmospheric pressure is the only significant variable, and that expected changes in the 

weather affect the share prices of Australian oil and gas industry, and Caltex. Moreover, 

the impact of atmospheric pressure on the oil and gas industry’s stock returns has 

become more significant for the period from 1983 to 2007, compared to 1973 to 2007. 

This difference could indicate that weather globally has changed more rapidly and more 

severely over that period.  

The industry’s stock returns sensitivity to temperature changes does not appear to be 

significant. However, the Australian oil and gas industry was not noticeably competitive 
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before deregulation in 1980s, and thus, investors did not consider weather risk before that 

time. Moreover, the oil and gas demand exhibits seasonality, and thus, the Markov 

Switching approach that captures the market response to seasonal changes in weather is 

applied for the further empirical analyses. 

The Markov Switching models capture the seasonality of oil, gas, and petroleum 

demand, in addition to weather extremes, cycles, and trends. The results of the impulse 

response analysis show that Caltex and the Australian Oil and Gas industry immediately 

respond to temperature and atmospheric pressure changes. Changes in atmospheric 

pressure and temperature in regimes with short durations indicate that the capital market 

is efficient. Since results are significant in regimes with a short duration, investors react 

in 1 to 2 days to the change in the pressure during the first week, and they react to 

temperature changes within a season.  

Weather has always played a significant role in the business activities of the weather-

sensitive oil and gas sector. Moreover, the oil and gas consumption fluctuates with 

changes in seasonal weather. Thus, oil and gas companies are subject to a greater degree 

of weather risk and to more significant earnings variances, making it imperative for 

investors to integrate weather-related information into investment decisions. Thus, 

investors are rational and shares of weather-sensitive oil, gas, and refining companies 

are appropriately priced and reflect the new weather and weather-related disaster 

information.  

This research finds that the weather conditions do affect stock prices of the Australian 

oil and gas sector. As this study predicts, extreme weather events more dramatically 

affect oil and gas production, and supply and demand than do less extreme events. 

Moreover, weather extremes have a more dramatic effect than weather conditions on the 

stock prices of oil, gas and refining companies. The following Figure 11.2 shows the 

summary of investigation of the value relevance of weather in the context of the 

Australian oil and gas industry. 
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Figure 11.2 The Value Relevance of Weather and Climate Change: The 

Australian Market 

 

11.2.3 The Value Relevance of Climate Change and Greenhouse Gas 

Emissions: The Australian Oil and Gas Industry  

A significant amount of academic research focuses on meteorological, statistical, and 

financial issues. There was tremendous academic attention in the area of the relationship 

between the environmental and financial performance (prize-winning studies conducted 

by Dowell, Hart & Yeung, 2000; Stone, Guerard, Gultekin, and Adams, 2000 and 

others). Numerous studies are related to catastrophic accident and shareholder value 

(Knight & Pretty, 1996; Ganzi & Tanner, 1997 and others). A number of studies have 

looked at the potential impacts of climate change and risks and opportunities for 

businesses. However, no previous research investigated the effects of climate change on 

market value of the oil and gas industry. 

The oil and gas industry is significantly affected by weather and climate change and 

significantly contributes to climate change. No previous study investigated this 

interdependent relationship between climate change and the oil and gas industry, and 

the possible impacts of climate change on the market value of this industry. This 

• Investigate the impact of weather on stock returns of the 
Australian oil and gas industry.  

Specific Objective 2 

• A significant relationship exists between weather and the 
market value of Australian oil and gas companies. 

• Pressure , which signals a change  in the weaher is  found to 
be significant. 

• Temperature, which could affect demand for the product is 
found to be significant. 

Statistical Results 

 

• The weather-related information is value relevant and 
investors considered this information in the investment 
decisions. 

 

Conclusion 
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industry is crucial to the Australian economy and is simultaneously responsible for a 

substantial portion of carbon dioxide emissions.  

The carbon dioxide emissions are one of the primary GHG emissions responsible for 

global warming and climate change. However, nor previous studies examined the 

impacts of climate change and GHG emissions on stock prices of the oil and gas 

industry in the Australian context. This research fills these gaps by investigating the 

effects of climate change and GHG emissions information on the market value of the 

Australian oil and gas industry. This research applies the AR-GARCH approach and 

uses “climate change” variables to achieve the following main objectives of this 

research to investigate the total effects of climate change and GHG emissions on the 

market value of the oil and gas industry.  

Results indicate that humidity is significant for the oil, gas, and refining companies, and 

thus, market participants have access to weather forecasts. Also, results reveal that 

atmospheric pressure, which actually signals the change in the weather, is significant for 

the Australian oil and gas industry. The larger the pressure change, the greater the 

expected change in the weather. The greater the change in weather, the greater the 

change in demand for oil and gas will be. Rapid pressure rises are associated with 

improving (i.e., more calm, sunny, and less turbulent) weather conditions. A low-

pressure front frequently heralds stronger winds and less atmospheric pressure.  

Low pressure typically brings cloudy weather, which may minimize diurnal temperature 

(variation in temperature that occurs from the warmth of the day to the cool of the night) 

extremes in both summer and winter. Rains, tropical storms, and tropical and polar 

cyclones are called low-pressure cells (ABM, 2009), thus, temperature is not significant. 

Thus, this research finds that the capital market incorporates the climate change 

information in the stock valuation processes of the Australian oil and gas industry. 

Also, the empirical results support this study’s prediction that a significant relationship 

exists between carbon dioxide emissions and the market value of the Australian oil and 

gas industry. Also, an increase in CO2 is associated with an increase in oil and gas 

companies stock returns. This positive association existed for the period from 1983 to 

2006. Consistent with previous research (e.g., Benston, 1982; Skogvik, 1998, Rivoli, 
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1995; Murray et al., 2006), this research suggests that the financial market is only 

interested in profit maximisation. However, the financial market should be concerned 

about environmental aspects of the investment following the 1992 UNFCCC and the 

1997 Kyoto Protocol. The following Figure 11.3 shows the summary of the 

investigation of the value relevance of climate change and GHG emissions, arising from 

the reinforcing relationship between the oil and gas industry and climate change. 

 

Figure 11.3 The Value Relevance of Climate Change and GHG Emissions: The 

Australian Oil and Gas Industry  

 

 

 

 

 

Conclusion 

 

•  In long-term (1983 -2006), rational investors were interested in maximising their returns.  However, 
investors should be concerned about environmental aspects of their investment after introduction of 
the 1992 UN FCCC and the Kyoto Protocol.  

 

 

 

 

 

 

 

 

 

• Investigate the impact of climate change on the market 
value of the oil and gas industry. 

• Pressure is a negative and  ignificant for AOGI. 

• Low pressure brings rain, tropical storms and cyclones. 

Main Objective 1 

Statistical Results 

• Investigate the impact of GHG emissions on the market 
value of the oil and gas industry. 

• CO2 is a positive and significant for AOGI. 

• CO2 is not significant for refining company Caltex. 

Main Objective 2 

Statistical Resulults 

• Investigate the overall effect of climate change and GHG 
emissions on the market value of the  oil and gas industry. 

• Humidity is a significant for AOGI and refining company 
Caltex.                                                     

• Humidity is important metric in weather forecasting . 

• CO2 is positive and significant for AOGI. 

Main Objective 3 

Statistical Results 
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11.2.4 The Value Relevance of Climate Change and GHG Emissions Following 

the 1992 UNFCCC and 1997 Kyoto Protocol  

In a literature review concerning the relationship between environmental information 

(news) and its effects on the market value of a firm, Richardson et al. (1999) found that 

research in this field is still relatively inconclusive. On the one hand, increasing 

evidence suggests that investors show more than a passing interest in social and 

environmental information (Benjamin & Stanga, 1977; Chenall & Juchau, 1977; Firth, 

1984; Epstein & Freedman, 1994). On the other hand, many scholars still assume that 

investors are only interested in maximising their return on their investment (Benston, 

1982; Skogvik, 1998, Rivoli, 1995; Murray et al., 2006). 

Consistent with previous research, this research suggests that in the long run (1983-

2006) investors in the Australian oil and gas industry were interested in profit 

maximisation. However, the financial market should be concerned about environmental 

aspects of the investment following the 1992 UNFCCC and the 1997 Kyoto Protocol. 

Climate change and GHG emissions were first recognized globally as important 

environmental issues at the 1992 UNCCC, and intensified following the 1997 UN 

Kyoto Protocol. Consequently, investors should be expected to modify the way they 

value companies, considering not only earnings and dividends, but also firms’ long-term 

environmental performance and the impact of climate change on specific firms and 

industries. Nevertheless, little research has explored the extent to which capital markets 

impound this issue. Moreover, there is no research that has provided a long-term 

comparative analysis. Accordingly, this research fills that gap in the academic research 

and investigates the effects of climate change and GHG emissions on the market value 

of Australian oil and gas companies, following the UN climate change policies.  

This research assumes that the investors are interested in the environmental aspects of 

their investments. To achieve the third specific objective, this research observed the 

effects of climate change and GHG emissions on stock equity returns of the Australian 

oil and gas industry before and after the introduction of the 1992 UNFCCC and the 

1997 Kyoto Protocol policies. For more informative results, this study compares the oil 

and gas industry and a refining company with the entire Australian equity market.  
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Results reveal a highly significant positive relationship between CO2 emissions and 

returns on investment of the oil and gas industry from 1983 to 1992. As this research 

proposed, rational investors were interested in maximizing their risk-adjusted returns on 

investments before the 1992 UNFCCC. Also, empirical results show that a positive and 

highly significant relationship between Australia’s CO2 emissions and oil and gas 

companies’ stock returns between 1983 and 1992 changed to a negative but 

insignificant relationship from 1992 to 1997, which remained negative but became 

significant from 1997 to 2006. 

 In addition, results show that a positive, non-significant relationship between CO2 and 

Caltex’s stock equity returns from 1983 to 1992 changed to a negative and significant 

relationship from 1992 to 1997. As this study proposed, rational investors are interested 

in the environmental aspects of their investments, and they negatively reacted to 

industries causing air-pollution and climate change following the introduction in 1992 

of the UNFCCC, and the 1997 Kyoto Protocol policies. Results support the previous 

conclusion that humidity, as weather forecasting information, is significantly associated 

with the stock equity returns of Caltex, the Australian oil and gas companies, and the 

entire Australian market. Thus, weather forecasting appears to become a significant 

consideration for rational investors.  

Nevertheless, the relationship between climate change variables and returns on 

investment is not significant from 1997 to 2006, following the introduction of the Kyoto 

Protocol (years 2007-2009 are not included because of the financial crisis). However, 

from 1997, to minimize the impact that adverse weather could have on business, and to 

ensure a more predictable stream of income, oil and gas companies began purchasing 

insurance and/or weather derivatives to protect themselves and “hedge their bets.” 

Moreover, factors related to size, book-to-market value, earnings/price, and others could 

influence statistical results and must be controlled. The following Figure 11.4 shows the 

summary of the investigation of the value relevance of climate change and GHG 

emissions after carbon-mitigation policies were introduced. 
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Figure 11.4 The Value Relevance of Climate Change and GHG Emissions 

Following the 1992 UNFCCC and 1997 Kyoto Protocol 

 

 

 

• Investigate the impact of climate change and GHG  emissions on 
Australian capital market and Australian oil and gas industry 
stock equity returns following the introduction of the UNFCCC 

and the Kyoto Protocol GHG mitigation policies. 

Specific 

 Objective 3 

1983-1992 

• CO2 is POSITIVE 
and  significant for 
AOGI. 

• CO2 is POSITIVE 
and insignificant for 
Caltex. 

1992-1997 

• CO2  is  NEGATIVE 
and insignificant for 
AOGI. 
• CO2  is  
NEGATIVE and 
significant for 
Caltex. 

 

 

 

1997-2006 

• CO2 is NEGATIVE 
and  significant for 
AOGI. 

• CO2  is  
NEGATIVE and 
insignificant for 
Caltex. 

 

 

 1983-1992 

Humidity is significant  
for AOGI. 

Humidity is significant 
for Caltex. 

 

1992-1997 

Humidity is significant 
for Caltex. 

Humidity is significant 
for Australian  market. 

 

1997-2006 

All climate change 
variables are 
insignificant. 

 Conclusion 

 

 

• A significant positive relationship between GHG emissions and stock returns  is 
changed to a significant negative relationship after the 1992 UN FCCC and the1997 

Kyoto Protocol policies were introduced. 
• Investors considered CO2 emissions infromation after carbon-mitigation policies 

were introduced. 

• In an active afficient market  investors are interested in the environmental aspects of 
their investments, and they negatively reacted to industries causing air-pollution and 
climate change following the introduction in 1992 of the UN FCCC, and the 1997 
Kyoto Protocol policies.  
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11.2.5 Return-Association Models and Environmental-Financial 

Models 

Numerous financial models attempt to explain the behaviour of stock prices such as the 

CAPM, the 3-Factor Fama & French model, the Carhart Momentum, and Jegadeesh and 

Titman’s Contrarian Effect models. Following Fama and French (1992), and Becker and 

Ochman (2004), this study constructed a four-factor and return-earning association  

models based on finance, accounting, economics, and behavioural variables by adding 

environmental factors (e.g., using variables such as “climate change” and “global 

warming”). Thus, the Fama and French–Behavioural–Climate Change Models and 

Return-Earning Association Model are constructed to assess the impact of 

environmental factors on the market value of the oil and gas industry, following the 

1997 Kyoto Protocol policies.  

Although all economic and financial variables have been tested in the GARCH process 

before inclusion, the Return-Earning Association Model does not capture the climate 

and GHG effects. Only world crude oil and Australia’s crude oil prices influence 

Australia’s oil and gas companies’ share prices. Singapore’s fuel (benchmark) prices are 

positively associated with Caltex’s share prices. However, the environmental variables, 

expanded by inclusion of Fama and French and behavioural variables, more sufficiently 

account for the returns on investment compared with the Earnings Return Association 

Model.  

Empirical results of the Fama and French-Climate Change Model confirm that, on an 

annual basis, the returns on Australian oil and gas companies are positively associated 

with oil production and global CO2 emissions. The relationship between returns and 

Australian CO2 emissions is negative and highly significant. The Fama and French-

Behavioural-Climate Change Model produces the same results as the time series 

models, but only atmospheric pressure is significant. Furthermore, Australian CO2 

emissions are negatively associated with share prices, even though share prices and 

annual sales have a positive and highly significant relationship, which accounts for 

production and oil and gas prices. The Fama and French–Behavioural–Climate Change 

Models support the time series models’ results, and confirm that after introduction of the 

1997 Kyoto Protocol carbon-mitigation policies, the climate change and GHG 
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emissions are value relevant. Results indicate that Australian investors are becoming 

greener and responding responsibly to the climate impacts of their investments. 

However, they are worried about industry sustainability, given that oil and gas 

production is dependent on climatic conditions. Nevertheless, global CO2 emissions are 

positively associated with share prices and sales. The following Figure 11.5 shows the 

summary of investigation of the value relevance of climate change and GHG emissions 

after the Kyoto Protocol 1997 policies produced by the financial-climate change 

models. 

 

Figure 11.5 The Value Relevance of Climate Change and GHG Emissions 

Following the 1997 Kyoto Protocol – Financial Models 

Statistical 
Analysis  

• The Value relevance  of climate change and GHG emissions following the 1997 Kyoto 
Protocol, and the value relevance  of environmental variables in financial models. 

Conclusion 

• Capital market is  efficient and rational investors react to new weather, climate change and 
GHG emission information. Investors are concerned  about environmental aspects of their 
investment after introduction the 1997 Kyoto Protocol .   

• World crude oil prices  are significant for AOGI. 

• Australian crude oil prices are significant for Caltex. 

• Singapore's fuel prices  are signinficant for Caltex. 

• All  climate change and CO2 variables are insignificant. 

Return-Earnings Association 
Model  

• Sales  are significant for Australian oil and gas  companies 

• Australian CO2 emissions are significant for Australian oil and 
gas  companies. 

• Global CO2 emissions  are significant for Australian oil and 
gas companies. 

Fama and French-Climate 
Change Model 

• Sales  are significant for Australian oil and gas companies. 

• Australian CO2 emissions are significant for Australian oil and 
gas companies. 

• Global CO2 emissions  from fuel are significant for  
Australian oil and gas companies. 

• Pressure is significant for Australian oil and gas companies. 

Fama and French-Behavioural-
Climate Change Model 
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11.2.6   Overview of Summary  

To fill the gaps in academic knowledge and achieve the purpose of this investigation, 

this research takes the following subsequent steps. First, this research investigates the 

influence of weather conditions on the entire Australian market. Second, this study 

compares the effects of climate change on the Australian market, the Australian oil and 

gas industry, and an Australian refining company. Next, this research concentrates on 

the effects of weather conditions on share prices of the weather-sensitive Australian oil 

and gas industry. 

Importantly, this thesis determines the impact of climate change, and GHG emissions on 

the market value of the Australian oil and gas industry, arising from an interdependent 

relationship between climate change and this industry. Finally, this study examines the 

effects of climate change and GHG emissions on the market value of the Australian oil 

and gas industry before and after the introduction of the 1992 UNCCC and the 1997 

Kyoto Protocol policies. In addition, the new Fama and French –Behavioural–Climate 

Change Models and Return–Earning Association Models are constructed to assess the 

impact of environmental factors on the market value of the Australian oil, gas, and 

refining companies, following the 1997 Kyoto Protocol policies.  

The thesis has achieved its first and second specific objectives of this investigation and 

found that weather forecasting information influences the Australian stock returns, and 

weather and climate change information is more relevant for investors of the weather-

sensitive companies. The main and three specific objectives of this research also are 

achieved and results show that climate change affects the market value of the oil and 

gas industry. Moreover, a significant positive relationship between GHG emissions and 

share prices changed to a significant negative relationship after the 1992 UNFCCC and 

the1997 Kyoto Protocol policies were introduced.  Figure 11.6 shows that weather, 

climate change, and GHG emissions affect the market value of the Australian oil and 

gas industry and investors incorporate this information into investment decisions. 
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Figure 11.6 The Value Relevance of Weather, Climate Change, and GHG                  

Emissions 

 

Specific Objective 1 

Investigate the influence of 
weather conditions and the 
impact of climate change     

on Australian stock 
market.   

Results 

Humidity is an important 
metric in weather 

forecasting and influences 
Australian stock returns. 

Climate change 
information is more 

relevant for the investors 
of the weather-sensitive 

companies.    

Specific Objective 3 

Investigate the impact of 
climate change and GHG 
emissions on stock returns 
following the introduction 
of the UNFCCC and the 
Kyoto Protocol policies. 

Objectives 1, 2, 3  

Investigate the effects of 
climate change and GHG  
emissions on the market 
value of the oil and gas 

industry. 

Purpose 

Examine the effects of 
weather, climate change, 

and greenhouse gas 
emissions on the market 

value of the Australian oil 
and gas ndustry 

Specific Objective 2 

 Investigate the impact of 
weather on stock  returns 
of the Australian oil and 

gas industry.  

Results 

Pressure, which signals a 
change  in the weather is  
important  consideration 

for investors. 

Weather information is 
relevant for the investors of 
the Australian oil and gas 

industry.  

A significant positive relationship between GHG emissions and share prices changed to a significant 
negative relationship after the 1992 UN FCCC and the1997 Kyoto Protocol policies were introduced. 

Pressure is value relevant for investors of oil and gas industry. Low pressure brings rain, tropical storms, and 
cyclones. 

GHG emissions  are value relevant for the investors of oil and gas industry. 

Humidity as  a forecasting information is considered in  investment decisions.  

Investors incorporate weather, climate change, and greenhouse gas emissions information in the stock 
valuation processes of Australian firms in the oil and gas industry.   
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11.3 Conclusion 

Due to its carbon-intensive products, the weather-sensitive oil and gas industry is 

uniquely exposed to economic, regulatory, competitive and physical risks resulting from 

climate change. These risks could impact finance, competition, and growth, and 

influence the ability of companies to create shareholder wealth. Climate change and 

GHG emissions were first recognised at the 1992 UNCCC and the 1997 Kyoto 

Protocol, and became the most financially significant environmental issues facing 

companies and investors, and also important determinants of a firm’s market value.  

The main contribution of this thesis is to investigate the effects of weather, climate 

change, and GHG emissions on the market value of the Australian oil and gas industry, 

arising from an interdependent relationship between climate change and this industry. 

This industry is significantly affected by weather and climate conditions and 

significantly contributes to climate change. This study advances academic knowledge 

by giving empirical evidence on the effects of weather, climate change and GHG 

emissions on share prices. It investigates these effects from the Efficient Market 

Hypothesis and Behavioural Finance perspectives. The significance of this study is to 

provide a long-term comparative analysis of the effects of climate change and GHG 

emissions on market value of the Australian oil and gas industry before and after the 

introduction of the United Nation’s GHG-reduction policies. 

First, this study finds that weather and climate change are value relevant for Australian 

equity returns. Weather conditions do not influence the changes in Australian stock 

prices, except humidity. Humidity is an important metric in forecasting weather and 

rational investors uses forecasting information in their investment decisions. Moreover, 

climate change, with its extreme weather events, has more significant effects on stock 

returns. Furthermore, stock prices and Australian equity returns are affected differently 

by Australian weather and climate conditions, and are more relevant for the weather-

sensitive companies located in Australia. In contrast to previous research, this research 

concludes that investors are rational and weather and climate change information is 

more relevant for the weather-sensitive companies.  
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Second, this research finds that weather is value relevant for the weather-sensitive 

Australian oil and gas industry. The impact of atmospheric pressure, that signals change 

in the weather, has become more significant and indicates that climate change has been 

more severe since 1983. Low pressure is generally associated with stronger winds, 

rains, tropical storms, and tropical and polar cyclones. This study concludes that in an 

active efficient market dominated by a large number of rational investors, share prices 

of weather-sensitive oil, gas and refining companies are appropriately priced and reflect 

news (new information) on weather. Moreover, extreme weather events have more 

significant effects on the stock equity returns of weather-sensitive companies. 

Significantly, this research provides a long-term empirical investigation of the effects of 

climate change and GHG emissions on the market value of the Australian oil and gas 

industry, arising from a reinforcing relationship between climate change and the oil and 

gas industry. This study finds that GHG emissions and climate change, with its resultant 

extremes in the weather, are value relevant for the Australian oil and gas industry. Low 

pressure that brings tropical storms and cyclones is more important for investors of the 

Australian oil and gas industry. Unusually high humidity generally affects local demand 

for petroleum and gasoline, and is important in determining demand for oil, gas and 

petroleum production and products. Additionally, this study finds that in a long-term 

period of time, from 1983 to 2007, an increase in carbon dioxide emissions was 

associated with an increase in stock returns. Thus, this study concludes that in the long-

run, rational investors were interested in maximizing their risk-adjusted returns on 

investments. 

Furthermore, the study finds that after introduction of the 1992 UNFCCC and the 1997 

Kyoto Protocol carbon-mitigation policies, GHG emissions are value relevant and 

become a significant consideration for investors. A positive and significant relationship 

between Australia’s carbon dioxide emissions and its oil and gas companies’ stock 

returns between 1983 and 1992 changed to a negative and insignificant relationship 

between 1992 and 1997, but became negative and significant from 1997 to 2006. Thus, 

this study concludes that in an active efficient market most rational investors are 

interested in the environmental aspects of their investments. Moreover, most rational 

investors are concerned about the effects of climate change and GHG emissions 
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immediately following the introduction of UNFCCC (1992) and the 1997 Kyoto 

Protocol policies.  

Finally, the Fama and French–Behavioural–Climate Change models confirms that after 

introduction of the 1997 Kyoto Protocol carbon-mitigation policies, climate change and 

GHG emissions are value relevant. The study finds a negative and significant 

relationship between Australian CO2 emissions and return on the investments, but a 

positive and significant relationship between global CO2 emissions and returns of the 

Australian oil and gas companies. Australian domestic oil production decreased from 

year 2000, but sales revenues and imports increased significantly. Thus, this study 

concludes that most rational investors are interested in the environmental aspects of 

their investments, and concerned about the effects of climate change and GHG 

emissions following the introduction of the 1997 Kyoto Protocol policies. 

In summary, this thesis contributes to the field of knowledge by the following empirical 

evidence: 

1. The weather forecasting influences the Australian stock market, and climate 

change affects Australian stock returns. 

2. A significant relationship exists between changes in weather and in the market 

value of Australian oil and gas companies. 

3. A significant relationship exists between climate change, carbon emissions, and 

the market value of the oil and gas industry. 

4. A significant positive relationship between CO2 emissions and share prices of the 

Australian oil and gas industry changed to a significant negative relationship after 

the 1992 United Nations Framework Convention on Climate Change and the 1997 

Kyoto Protocol policies were introduced. 

Based on the empirical evidence, this thesis concludes that: 

1. Weather and climate change are value relevant for Australian stock market, but 

more relevant for the weather-sensitive companies located in Australia. Also, 

weather conditions are value relevant and affect the Australian oil and gas 

industry stock returns. In an active efficient market, comprised primarily of 
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rational investors, share prices of the weather-sensitive oil and gas companies 

are appropriately priced and reflect the most updated weather and climate 

change information. 

2. Climate change and GHG emissions are value relevant for the Australian oil 

and gas industry’s returns. Moreover, the stock market is efficient and rational 

investors are focused on maximizing their risk-adjusted returns on investments 

before the 1992 UNFCCC.  

3.  Climate change and GHG emissions following the 1992 UNFCCC and 1997 

Kyoto Protocol are value relevant and an important consideration for the 

investors of the Australian oil and gas industry. Rational investors are 

concerned about the environmental aspects of their investments following the 

1992 UNFCCC and 1997 Kyoto Protocol. However, the behaviour of stock 

prices could reflect both rational and irrational investment behaviour in 

investors’ decisions. This study concludes that Australian investors are 

concerned about the overall effects of GHG emissions on climate change, and 

they could view a clean energy future as preferable.  

The impacts of climate change on oil and gas production could change through the 

impact of climatic change on global supply and demand. Therefore, oil demand could 

drop as a result of climate change and its impacts on the environment and the global 

economy. Moreover, climate change and peak oil production could become associated 

when further expansion of oil production becomes difficult (Dunlop, 2007). 

The effect of world oil and gas prices is a major influence on production, profitability, 

and market value of the Australian oil and gas companies. However, oil and gas prices 

are no longer defined by simple supply and demand, but are impacted by geopolitics, 

diminishing oil reserves, derivatives, and a global push towards regulating CO2 

emissions. Geological constraints on production, combined with rising climate change 

risks and new environmental regulations on the oil and gas industry, are expected to 

have profound implications for the oil and gas industry, and to apply pressure on the oil 

market.  

As global stakeholders in the energy business, Australian oil and gas companies 

recognize that one of their key environmental responsibilities is to pursue strategies that 
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remedy climate change. While major oil and gas companies are taking different 

approaches, they all share a self-imposed vigilance that applies to their environmental 

behaviour as well as to their social responsibility (Economides & Oligney, 2000). At 

present, oil and gas companies in Australia are beginning to address climate change and 

invest capital in new and renewable technologies.  

Governments, companies, and investors should take actions with the primary objectives 

to reduce carbon emissions from economic activities, and lessen the impact of avoidable 

climate change. Recently the World Bank launched a program to help nations put a 

value on nature, just like GDP, in a bid to stop the destruction of forests, wetlands, and 

reefs that underpin businesses and economies. “We are here today to create something 

that no one has tried before: a global partnership that can fundamentally change the way 

governments value their ecosystems," World Bank President Robert Zoellick told 

reporters in the Japanese city of Nagoya (The World Bank, 2010).  

 

11.4 Research Implications  

This timely and useful research addresses the value relevance of weather, climate 

change, and greenhouse gas emissions in the context of the Australian oil and gas 

industry. The research is significant, given that climate change will continue to have a 

profound impact on the oil and gas industry in the uncertain carbon-constrained and 

climate-affected Twenty-First Century. This research also contributes to the emerging 

field of environmental finance and provides valuable avenues of inquiry, insights, and 

findings. Oil and gas companies, investors and policy makers should take actions to 

remedy dangerous climate change with the primary objective of reducing GHG 

emissions from economic activities. 

Understanding climate-related effects are critical for investors who will benefit by 

understanding how climate change issues influence their share prices (Wellington & 

Sauer, 2005). Non-traditional issues such as climate change effects should be 

incorporated into the traditional investment decision-making process. If financial 

markets do not accurately incorporate the risks to corporations from climate change 
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exposure, then securities are likely to be mispriced and capital misallocated. If capital 

markets do not accurately evaluate climate change risks, then corporate executives will 

lack an important market incentive for pursuing “green” practices (Schmidheiny, 1992).  

Furthermore, this study discusses the risks and opportunities that arise from climate 

change. The global business community and policy makers could benefit from a broader 

understanding of the climate change and stock prices relationship. In particular, oil and 

gas companies should appropriately assess their climate-related risks to increase their 

chances of survival and manage uncertainties associated with new regulations and 

policies over the long run. The perceived inability of companies to deal with the risks of 

climate change can ultimately affect an organisation’s overall sense of value and worth, 

which in turn may affect its investment appeal (RetuText, 2006).  

Consequently, this study discusses the GHG emissions mitigation policies. Oil and gas 

companies will benefit by a better understanding of environmental policies and how 

companies are exposed to climate change risk in order to respond competitively to these 

policies. Small costs today can become major costs in the future, with significant impact 

on bottom line performance, reputation, and shareholder value (Heverst, 2001). Early 

action is needed to provide greater certainty for businesses regarding long-term 

investment and technological changes, and to enable oil and gas companies and 

investors to play a responsible role in mitigating climate change (Wellington & Sauer, 

2005). The main benefits of this research: 

1. Enhances our understanding of how climate change and GHG emissions 

influence stock share prices and capital allocation, and offers insights into the 

capital market’s ability to incentivize sound environmental management.  

2. Encourages companies and governments to take actions to save the environment 

and reduce GHG emissions resulting from economic activities, and encourage 

the capital market to channel more resources into environmental concerns. 

3. Contributes to the emerging field of environmental finance, and provides insight 

into the role of environmental variables in financial models. 
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11.5 Future Research 

This study, together with the existing body of research in environmental finance, 

contributes to the foundation of what will likely be the long process of investigation into 

the critical area of climate change research in order to better understand this pressing 

issue and provide avenues for addressing this issue via economic strategies. This 

research has opened paths for new research opportunities arising from the results 

presented. Future studies could be extended to: 

1. Investigate whether a relationship exists between climate change and share 

prices following the introduction of the Australian Emission Trading 

Scheme. 

2. Investigate the financial market’s responses to specific events such as 

UNFCCC (1992), the Kyoto Protocol (1997), the European Emission 

Trading Scheme (2005), and the UN Copenhagen meeting (2009). The 

Vector Auto-regression model could capture the evolution of and 

interdependence between multiple time series tests and capture the effects of 

variables upon each other.  

3. Investigate whether a relationship exists between climate change and share 

prices in China and India following the 2009 UN climate change meeting in 

Copenhagen. 

4. Investigate the causality of weather and climate change on the Australian oil 

and gas industry by using a new method for Granger causality, developed by 

Hacker and Hatemi-J (2006), which is not sensitive to deviations from the 

assumption that the error term is normally distributed. 

Today’s  low-carbon economy is likely to dramatically impact the way corporations 

conduct their business. Additionally, risks and opportunities are bringing great 

uncertainty to oil and gas companies, prompting new derivatives instruments and 

innovative management approaches such as scenario planning and the real option 

analysis concept. These risks and opportunities offer a broad realm for research. 
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